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THE INVESTIGATION OF THE WORLD TRADE
CENTER COLLAPSE: FINDINGS, REC-
OMMENDATIONS, AND NEXT STEPS

WEDNESDAY, OCTOBER 26, 2005

HOUSE OF REPRESENTATIVES,
COMMITTEE ON SCIENCE,
Washington, DC.

The Committee met, pursuant to call, at 11:09 a.m., in Room
2318 of the Rayburn House Office Building, Hon. Sherwood Boeh-
lert [Chairman] presiding.
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HEARING CHARTER

COMMITTEE ON SCIENCE
U.S. HOUSE OF REPRESENTATIVES

The Investigation of the World Trade
Center Collapse: Findings,
Recommendations, and Next Steps

WEDNESDAY, OCTOBER 26, 2005
11:00 A.M.—1:00 P.M.
2318 RAYBURN HOUSE OFFICE BUILDING

Purpose

On October 26, 2005, at 11 a.m., the House Committee on Science will hold a
hearing on the key findings and recommendations of the National Institute of
Standard and Technology’s (NIST) investigation into the collapse of the World Trade
Center (WTC), how building and fire code organizations plan to implement the rec-
ommendations contained in that report, and what barriers exist to the development
and adoption of stronger building and fire codes.

Witnesses
The following witnesses will address the Committee:

Panel I:

Ms. Sally Regenhard, Skyscraper Safety Campaign (SSC), New York, NY. The
SSC represents families and survivors of the WTC disaster and supports stronger
codes and practices for buildings and first responders.

Panel II:
Dr. William Jeffrey, Director, National Institute of Standards and Technology.

Ms. Nancy McNabb, Director of Government Affairs, National Fire Protection As-
sociation (NFPA). NFPA standards are extensively referenced in the NIST rec-
ommendations on the WTC collapse.

Dr. James R. Harris, American Society of Civil Engineers (ASCE). ASCE stand-
ards are extensively referenced in the NIST recommendations on the WTC collapse.
Mr. Henry L. Green, President, International Code Council (ICC). The ICC is an
association of State and local code officials, building mangers, and other parties that
collectively maintain the International Building Code (IBC), the most widely used
model building code in the U.S. Many of NIST’s recommendations reference the
IBC.

Mr. Glenn Corbett, Assistant Professor of Fire Science, John Jay College of Crimi-
nal Justice, New York, NY. Mr. Corbett is a member of NIST’s National Construc-
tion Safety Team Advisory Board.

Overarching Questions
The hearing will address the following overarching questions:

1. What are the most important findings and recommendations of the World
Trade Center Investigation report?

2. Are the NIST recommendations framed appropriately so that they can be
adopted into national model building codes?

3. What are the prospects for the adoption of the recommendations by the code
organizations? What is NIST doing to promote this process? What are the
possible impediments to their adoption?

4. What lessons were learned from this investigation that could be applied to
improve future investigations of building failures?



Background

On September 11, 2001, terrorists crashed two fuel-laden Boeing 767s into World
Trade Center (WTC) Tower 1 and Tower 2. While both 110-story buildings withstood
the initial impact, the subsequent fires weakened the already damaged columns at
the periphery and core of the towers, both of which collapsed. More than 25,000 peo-
ple were safely evacuated from the towers, however 2,749 people were killed in the
disaster. World Trade Center 7, a 47-story office building located adjacent to WTC
1 and 2, was damaged during the disaster and collapsed later that same day.

Immediately following the attack, the Federal Emergency Management Agency
(FEMA) and the American Society of Civil Engineers (ASCE) began planning a
building performance study of the WTC. The week of October 7, as soon as the res-
cue and search efforts ceased, an ASCE team under contract with FEMA known as
the Building Performance Assessment Team (BPAT) went to the site and began
their assessment of why the buildings had failed. This was to be a brief effort, as
the study team consisted of experts who generally had volunteered their time. In
January 2002, FEMA asked the National Institute of Standards and Technology
(NIST) to take over the next phase of the investigation of the collapse essentially
to build upon the BPAT recommendations and conduct a more thorough investiga-
tion of the events leading to the collapse.

The Science Committee held two hearings in 2002 on the WTC collapse, one on
March 6 and the other on May 1. The March 6, 2002, hearing focused on how the
Federal Government investigates catastrophic building failures, and what had been
learned from the collapse of the WT'C 1, 2 and 7. Concerns raised at the hearing
included the lack of any specific federal authority, protocols, or funding for inves-
tigations of this kind. Concerns were also raised regarding the timing of the BPAT
deployment (almost a month after the towers fell), its access to the site and building
records, premature disposal of evidence, and FEMA’s lack of regular communication
with the public about the investigation.

The BPAT released its report at the May 2002 hearing. The hearing also reviewed
plans for NIST to begin a more comprehensive investigation in view of the criticisms
of FEMA, and provided a forum to discuss proposed legislation to give NIST the au-
thorities necessary to conduct such an investigation. The BPAT report highlighted
potential reasons for why the two towers, almost identical in design, performed dif-
ferently under the stresses of the disaster. It also identified critical features that
enabled so many to evacuate, and the design elements that may have played a role
in the collapse and prevented people above the impacts from being able to exit the
buildings. However, witnesses commented that, without a more sophisticated anal-
ysis of the evidence, no conclusions could be drawn that could be used to recommend
improvements in building and fire codes to prevent future loss of life.

Also at the May 2002 hearing, the witnesses commented favorably on draft legis-
lation being prepared by the Science Committee, based on the authorizing legisla-
tion for the National Transportation Safety Board (NTSB) to enhance NIST’s exist-
ing authority to investigate building failures. On May 9, 2002, the National Con-
struction Safety Team Act (NCST—H.R. 4687) was introduced by Congressman
Sherwood Boehlert and Congressman Anthony Weiner. The NCST was signed into
law on October 1, 2002. Under the Act, NIST is authorized to appoint a national
construction safety team to determine the causes of a building’s failure, evaluate the
technical aspects of evacuation and emergency response, and “recommend, as nec-
essary, specific improvements to building standards, codes, and practices based on
the findings,” and propose any research needed to improve building safety and
emergency response procedures.” The law gives NIST subpoena power to ensure
that it has access to all evidence to support an investigation, but the results of such
investigations cannot be used as evidence in any subsequent litigation.

On August 21, 2002, NIST announced the appointment of a national construction
safety team to investigate building and fire safety in WTC 1, 2, and 7. The project
was funded through FEMA, and cost $16 million.

Building and Fire Codes

Building and fire codes are established and enforced by State and local govern-
ments, which generally base their codes on national model codes that are written
by private non-profit standards development organizations (SDOs). These organiza-
tions are generally are made up of members—individuals and groups—that have an
interest in construction. Generally make their money through membership pay-
ments and selling their codes.

Building and fire codes and standards are technical descriptions of constructions,
materials, installations, equipment, or practices designed to achieve specific results,
such as safety or strength. Standards are very specific guidelines that describe sin-
gle elements of construction or safety. For example, a “fire rating” is a standard that
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describes the amount of time a construction element such as a beam can be exposed
to a typical fire before it breaks or fails. Other examples of building standards in-
clude hallway or stairwell widths deemed necessary to evacuate a certain number
of people in a certain amount of time, or the type of steel needed for a beam to sup-
port a certain amount of weight. NIST does not write building or fire codes, but does
participate in the discussions and provides technical guidance to the standards de-
velopment organizations.

The most widely-used model building code in the U.S. is the International Build-
ing Code (IBC). It is currently the basis of the codes in 45 states and the District
of Columbia. The IBC is developed and owned by the International Code Council
(ICC). The ICC’s members consist of State and local building code officials, building
owners and managers, and private sector participants from construction and other
industries. ICC’s members are concerned with safety, but also with cost and other
economic considerations, and these are reflected in the outcomes of the code meet-
ings. The IBC is regularly updated in a deliberative, committee-driven process that
takes about eighteen months. The deadline for submitting proposed changes to the
IBC, which begins the next eighteen-month cycle, is March 24th, 2006.

The National Fire Protection Association (NFPA), which develops many standards
related to fire safety, recently produced an alternative model building code, NFPA
5000. Experts say that implementing NFPA 5000 may be more expensive than the
IBC but may result in a greater level of safety. NFPA’s membership is different
from that of the ICC, with strong representation by fire protection officials and fire
equipment manufacturers. NFPA 5000 has not been widely adopted, but individual
NFPA standards are widely used in fire codes.

The NIST Investigation

NIST’s Building and Fire Research Laboratory (BFRL) carries out research in fire
science, fire safety, structural, mechanical, and environmental engineering. It is the
only federal laboratory dedicated to research on building design and fire safety.

The goals of the NIST WTC investigation of the WTC disaster were to investigate
the building construction, the materials used, and the technical conditions that con-
tributed to the outcome of the WT'C disaster to serve as the basis for:

e Improvements in the way buildings are designed, constructed, maintained,
and used,;

Improved tools and guidance for industry and safety officials for safer build-
ings and better coordination in emergencies;

o Recommended revisions to current building codes, standards, and practices,
and

e Improved public safety.

The specific objectives were to:

1) Determine why and how WTC 1 and WTC 2 collapsed following the initial
impacts of the aircraft;

2) Determine why the injuries and fatalities were so high or low depending on
location, including all technical aspects of fire protection, occupant behavior,
evacuation, and emergency response;

3) Assess what procedures and practices were used in the design, construction,
operation, and maintenance of WTC 1, 2; and

4) Identify areas in current building and fire codes, standards, and practices
that warrant revision.

To meet these goals, NIST assembled a team of in-house experts and outside spe-
cialists, totaling about 200 people. The team compiled and reviewed tens of thou-
sands of documents, photographs, and films, interviewed over a thousand people
who had been on the scene or who had been involved with the design, construction,
and maintenance of the WTC; analyzed 236 pieces of steel taken from the wreckage;
performed laboratory tests, and performed computer simulations of the sequence of
events that happened from the instant of the aircraft impact to the initiation of col-
lapse for each tower. In addition, NIST held several public meetings in New York
City to report on the status of the investigation and solicit comments and additional
information that might further the investigation.

In September, 2005, NIST released its draft Final Report of the National Con-
struction Safety Team on the Collapse of the World Trade Center Towers for public
comment. A copy of the executive summary of the report is attached. This report
summarizes the findings of the investigation and includes thirty recommendations
to improve the safety of tall buildings, occupants, and emergency responders. NIST
will publish its final report within the next two weeks.



NIST Findings

The NIST investigation confirmed and expanded upon several of the findings by
the initial FEMA BPAT study. When built, WTC 1 and WTC 2 were unlike any
other skyscrapers in existence at the time, both in terms of their height and innova-
tive structural features. These consisted of a “frame-tube” system of exterior col-
umns on the four faces of the towers, linked to a core of columns by light-weight
trusses that supported the floors. In spite of their innovative design, WT'C 1 and
2 met or exceeded the requirements of the New York City building codes.

The NIST investigation determined that although the aircraft did considerable
damage to the principal structural components of WTC 1 and 2, the towers were
inherently robust, and would have remained standing were it not for the dislodged
fireproofing which exposed the central columns to the multi-floor fires. In each
tower, a different combination of impact damage and heat-weakened structural com-
ponents contributed to the abrupt structural collapse. The fire safety systems in
WTC 1 and 2 met or exceeded current practice at the time the towers fell, but
played no safety role on September 11th because the water supplies and electrical
systems were damaged by the aircraft impact. In WTC 1, the aircraft destroyed all
escape routes, and 1,355 people were trapped in the upper floors when the building
collapsed. In WTC 2 where evacuation had already commenced, about 3,000 got
below the impact zone before the second plane crashed. One stairwell remained
passable for a short period of time and eighteen people evacuated through the im-
pact zone. The remaining 619 people perished. WTC 2 collapsed before WTC 1 be-
cause the aircraft did significantly more damage to the central columns and the
fires were concentrated on the East side of the building, rather than moving around
as they did in WTC 1.

Major Issues Addressed in the NIST WTC Recommendations
NIST’s recommendations fall into eight groups:

Increased Structural Integrity,

Enhanced Fire Resistance of Structures

New Methods for Fire Resistance Design of Structures

Improved Active Fire Protection

Improved Building Evacuation

Improved Emergency Response

Improved Procedures and Practices, and Education and Training.

These recommendations include many references to specific SDOs to modify or,
in some cases, completely overhaul those standards that apply to building construc-
tion, evacuation, testing, and fire safety. NIST’s recommendations also refer to less
specific audiences such as building managers, building occupants, property devel-
opers, and first responders to develop procedures and best practices to protect build-
ing occupants.

The following highlights some of the key issues referenced by NIST in its rec-
ommendations:

e Increased Structural Integrity

The NIST investigators found that the existing methods of calculating the effect
of wind and other stressors on tall towers produced markedly different results
among the different tests, leading them to question whether these tests had a basis
in fact and needed to be re-designed. NIST’s report also focuses on the concept of
“progressive collapse,” where the weakening of one structural element contributes
to the weakening of others. NIST raises the question of whether the current practice
of testing individual building components such as columns and floor trusses gives
an accurate estimate of the resilience of an entire building assembly to fire, wind,
and other stressors. NIST recommends that a “structural frame” approach to fire
resistance ratings be developed by the structural standards groups such as ASCE.
However, progressive collapse is not well understood, and it may take time for these
groups to produce a standard and describe the appropriate tests against which to
judge whether structures are prone to progressive collapse.

The recommendations pertaining to structural integrity and design are directed
largely at ASCE-7, and specifications developed by the American Concrete Institute
(ACI) and the American Institute of Steel Construction (AISC), as well as NFPA,
and urge that the latest version of these standards and specifications be adopted
by the ICC and NFPA into their model building codes.

¢ Improved Fire Resistance of Structures and Fire Protection
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Over the years, across the United States, there has been a gradual reduction in
rigor of building codes of fire rating requirements, i.e., how long something such as
a steel column can remain exposed to a fire before breaking or deforming. There has
also been a decrease in the compartmentalizing requirements for working and living
spaces. Large compartments in buildings allow more air to flow to fires and allow
fires to spread faster. Large compartments, however, means more floor area, more
tenants, and more rent for the building owner. A lower fire rating requirement al-
lows the use of lighter and less material in construction. The loosening of these re-
strictions has been compensated for by increasing requirements for sprinkler sys-
tems, which have been shown to be effective in quenching typical office fires. On
September 11th however, the sprinkler systems were disabled, and even in typical
fires, sprinkler systems do not always work. NIST recommends greater redundancy
in sprinkler systems, and more compartmentalization to restrict air flow to fires.
These recommendations apply to several standards developed by NFPA.

The reduction in fire ratings has also been compensated by the use of spray-ap-
plied fire resistive materials (SFRM) on structural components. This was the foam
that was applied to the columns and trusses of WI'C 1 and 2 as fireproofing. After
the 1993 WTC terrorist bombing, it was recommended that the spray-on fire protec-
tion on the steel components of the towers be thickened. NIST emphasizes that,
were it not for the dislodging of the fireproofing from the structural steel when the
aircraft flew into the towers, WT'C 1 and 2 would likely have withstood the subse-
quent fires. The foam on WTC 1 and 2 was shaken or blown off around the cores
and peripheral columns on several floors in both Towers on September 11th, mean-
ing the columns reached critical temperatures much faster then they would have
normally. NIST recommends that the performance of this type of fireproofing needs
to be better understood, particularly its response to shock, aging, and method of ap-
plication, and new coatings should be developed.

NIST notes in its report that both the IBC and NFPA 5000 model building codes
have since changed their fire rating requirements for buildings over 420 feet from
two hours to four. The report also says, however, that the technical basis for fire
ratings is not strong, particularly since the typical contents of offices, and construc-
tion materials, have changed in the last 100 years. NIST recommends a comprehen-
sive review by all fire-related SDOs of fire testing procedures to ensure that fire rat-
ings are meaningful. Structural fire resistance is closely tied to the outcomes of
work on the structural frame approach for large buildings, which NIST advocates
in its report while recommending an extensive re-evaluation by national building
code committees (ICC and NFPA) of the dynamics of fire, evacuation, and emer-
gency response for skyscrapers to determine what fire ratings are needed for tall
buildings. In the case of re-evaluating the tests steel and concrete assemblies, this
could be an expensive proposition. A typical full-scale fire test costs $30,000 or more
per test, and to validate a new test, experimental tests must to be run several times.
It is not clear who should be conducting these tests.

e Full Evacuation of Large Buildings

After the 1993 terrorist bombing of the WTC site, it took four hours to evacuate
everyone from WTC 1 and WTC 2. The standard evacuation plan for skyscrapers
does not usually anticipate such a mass egress: fire-related evacuation plans assume
that occupants “evacuate in place” to higher and lower floors while first responders
fight the fire. Although this approach may change as a result of the events of Sep-
tember 11th, it may still be the most practical and safe procedure for typical sky-
scraper fires. Skyscraper elevators in the U.S. are not generally fireproof, nor are
they intended to be used for mass evacuation. Full evacuation via stairwells takes
a long time. On September 11th, with all elevators out of commission, it would have
taken hours for firefighters to ascend to the affected floors to fight the fires, or as-
sist survivors down the stairs. This fact has provoked some re-thinking of how ele-
vators should be designed and used for emergency purposes.

WTC 1 and 2 had three stairwells each, centered at the core of the buildings.
When the aircraft crashed, these stairs were destroyed. The NIST investigation
found that about six percent of the people in the towers had health problems or dis-
abilities that made taking the stairs difficult. Overall, it was found, people evacuate
buildings twice as slowly as generally thought. NIST recommends structural hard-
ening of elevators for use in large-scale emergencies, and that stairwells be spaced
further apart, although it does not say by how much. NIST also recommends that
stairwells should be widened to allow more people to descend as well as to allow
counter flow from first responders going up the stairs. Most of the recommendations
apply to NFPA 101, and the National Model Building and Fire Codes of the ICC.

¢ Communications and Emergency Response
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For the approximately 1,000 emergency responders on the site on September 11th,
this was the largest disaster they had ever experienced. Communications networks
at the site were destroyed, and portable communications devices such as walkie-
talkies and cellular phones were overwhelmed as dozens of first responders at-
tempted to talk at the same time. Walkie-talkies performed inadequately, or other-
wise failed to function inside the steel-concrete construction of the towers. There
was no inter-operability between the New York Police Department and the New
York Fire Department equipment. Although there had been significant upgrades to
the fire monitoring and communications infrastructure in the WT'C Complex after
the 1993 terrorist bombing, incident command centers established inside the two
towers by first responders were still unable to provide a sufficient assessment of the
situation, or monitor and relay information to other first responders at the site for
proper coordination of their activities. First responders commented later that view-
ers watching the disaster on television had a better grasp of the scope and nature
of the crisis than did anyone at the WTC site.

NIST’s recommendations on improved emergency response apply mostly to NFPA
standards, but also extend to the Department of Homeland Security, and state and
local jurisdictions, and first responders. NIST emphasizes that systems need to be
effective for large-scale emergencies and able to function in “challenging radio fre-
quency environments.” NIST also states that better procedures are needed for inte-
grating information from multiple sources and coordinating a unified response
among different agencies and departments.

Additional Issues

¢ Follow-up funding is limited

In many instances, NIST has recommended research and testing to determine
whether and how changes in building codes should be made. It is not clear this ef-
fort will receive the commitment for funding it requires. In order to implement
many of NIST’s recommendations, a lot of research and collaboration with SDOs
and stakeholders will have to be done to provide a scientific and technical basis for
the standards changes needed to meet those recommendations. NIST requested $2
million in additional funds for FY 2006 for codes and practices for buildings and
first responders, but the FY 2006 appropriation has not yet been finalized. If ade-
quate funding for NIST’s research efforts is not provided, it is unclear what progress
will be made on implementing those recommendations that need scientific research
to be implemented.

e Future building investigations

It is unclear what role NIST will play in investigating future building failures.
FEMA received heavy criticism at the Science Committee hearing March 6, 2002,
for shortcomings in the way in which it conducted the investigation of the collapse
of the World Trade Center. The passage of the National Construction Safety Team
Act was supposed to address these shortcomings by creating the authority to inves-
tigate building failures at NIST and providing NIST with subpoena power to obtain
whatever evidence it needed to complete investigations. However, in the years since
September 11th, although several building failures have occurred, Hurricane
Katrina being the most recent event causing structural failures, NIST has not in-
voked the NSTC Act to launch investigations, but rather has been called in under
another agency: FEMA in the case of Katrina. NIST does not have a source of fund-
ing dedicated to pay for such activities and is apparently reluctant to act independ-
ently. Outside observers note that NIST is a research institution and may not be
culturally suited to conduct investigations as does the NTSB, upon which the NCST
Act was based, or the Chemical Safety and Hazards Investigation Board.

Questions for the Witnesses

Ms. Sally Regenhard, Skyscraper Safety Campaign

I invite you to open the hearing with a five-minute statement that outlines the
views of the Skyscraper Safety Campaign on the investigation, its findings and the
next steps that should be taken.

Dr. William Jeffrey, Director, National Institute of Standards and Technology

In your testimony, please briefly describe the most important findings and rec-
ommendations of the NIST investigation of the World Trade Center collapse and an-
swer the following questions:

1) What specific steps is NIST taking to ensure that its recommendations are
incorporated into model and local codes? What barriers has NIST confronted
or does it expect to confront as part of that process and how do you plan
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to overcome those barriers? What past successes can NIST draw on as part
of this effort?

2) Some experts have criticized the recommendations—some arguing that they
are too general and therefore hard to translate into codes, and others argu-
ing that they are too detailed and will needlessly increase building costs.
How do you respond to these criticisms?

3) What lessons have you learned in carrying out this investigation that could
be applied to future investigations, including the ones being undertaken in
the wake of Hurricane Katrina?

Ms. Nancy McNabb, Director of Government Affairs, National Fire Protection Asso-
ciation (NFPA)
In your testimony, please briefly describe the process by which NFPA writes codes
and answer the following questions:

1) Does NFPA support the recommendations of the NIST study? Why or why
not?

2) What specific steps will NFPA be undertaking to determine whether and
how to incorporate the NIST recommendations into its codes? How long
should that process take? What will be the greatest barriers in the process?

3) What specific actions should NIST be taking to help code organizations incor-
porate its recommendations? Are the recommendations framed in a way that
facilitates their adoption by code organizations or are they too general or too
specific?

Dr. James R. Harris, American Society of Civil Engineers (ASCE)

In your testimony, please briefly describe the process by which ASCE writes codes
and answer the following questions:

1) Does ASCE support the recommendations of the NIST study? Why or why
not?

2) What specific steps will ASCE be undertaking to determine whether and
how to incorporate the NIST recommendations into its codes? How long
should that process take? What will be the greatest barriers in the process?

3) What specific actions should NIST be taking to help code organizations incor-
porate its recommendations? Are the recommendations framed in a way that
facilitates their adoption by code organizations or are they too general or too
specific?

Mr. Henry L. Green, President, International Code Council (ICC)

In your testimony, please briefly describe the process by which ICC writes codes
and answer the following questions:

1) Does ICC support the recommendations of the NIST study? Why or why not?

2) What specific steps will ICC be undertaking to determine whether and how
to incorporate the NIST recommendations into its codes? How long should
that process take? What will be the greatest barriers in the process?

3) What specific actions should NIST be taking to help code organizations incor-
porate its recommendations? Are the recommendations framed in a way that
facilitates their adoption by code organizations or are they too general or too
specific?

Mr. Glenn Corbett, Assistant Professor of Fire Science, John Jay College of Criminal
Justice, New York, NY

1) What are the most important findings and recommendations of the NIST
World Trade Center Investigation report?

2) Some experts have criticized the recommendations—some arguing that they
are too general and therefore hard to translate into codes, and others argu-
ing that they are too detailed and will needlessly increase building costs.
What is your view of these criticisms?

3) What are the prospects for the adoption of the recommendations by the code
organizations? What should NIST and the code and standards groups be
doing to promote this process?

4) What lessons were learned from this investigation that could be applied to
improve future investigations of building failures?
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EXECUTIVE SUMMARY

E.1 GENESIS OF THIS INVESTIGATION

On August 21, 2002, the National Institute of Standards and Technology (NIST) announced its building
and fire safety investigation of the World Trade Center (WTC) disaster.! This WTC Investigation was
then conducted under the authority of the National Construction Safety Team (NCST) Act, which was
signed into law on October 1, 2002. A copy of the Public Law is included in Appendix A.

The goals of the investigation of the WTC disaster were:

e To investigate the building construction, the materials used, and the technical conditions that
contributed to the outcome of the WTC disaster after terrorists flew large jet-fuel laden
commercial airliners into the WTC towers.

e To serve as the basis for:

— Improvements in the way buildings are designed, constructed, maintained, and used;
— Improved tools and guidance for industry and safety officials;

— Recommended revisions to current codes, standards, and practices; and

— Improved public safety

The specific objectives were:

1. Determine why and how WTC 1 and WTC 2 collapsed following the initial impacts of the
aircraft and why and how WTC 7 collapsed;

2. Determine why the injuries and fatalities were so high or low depending on location,
including all technical aspects of fire protection, occupant behavior, evacuation, and
emergency response; and

3. Determine what procedures and practices were used in the design, construction, operation,
and maintenance of WTC 1, 2, and 7.

! NIST is a nonregulatory agency of the U.S. Department of Commerce. The purposes of NIST investigations are to improve
the safety and structural integrity of buildings in the United States and the focus is on fact finding. NIST investigative teams
are required to assess building performance and emergency response and evacuation procedures in the wake of any building
failure that has resulted in substantial loss of life or that posed significant potential of substantial loss of life. NIST does not
have the statutory authority to make findings of fault or negligence by individuals or organizations. Further, no part of any
report resulting from a NIST investigation into a building failure or from an investigation under the National Construction
Safety Team Act may be used in any suit or action for damages arising out of any matter mentioned in such report
(15 USC 281a, as amended by P.L. 107-231).

NIST NCSTAR 1, WTC Investigation xli
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4. Identify, as specifically as possible, areas in current building and fire codes, standards,
and practices that warrant revision

E.2 APPROACH

To meet these goals, NIST complemented its in-house expertise with an array of specialists in key
technical areas. In all, about 200 staff contributed to the Investigation. NIST and its contractors compiled
and reviewed tens of thousand of pages of documents; conducted interviews with over a thousand people
who had been on the scene or who had been involved with the design, construction, and maintenance of
the WTC; analyzed 236 pieces of steel that were obtained from the wreckage; performed laboratory tests,
measured material properties, and performed computer simulations of the sequence of events that
happened from the instant of aircraft impact to the initiation of collapse for each tower.

Cooperation in obtaining the resource materials and in interpreting the results came from a large number
of individuals and organizations, including The Port Authority of New York and New Jersey and its
contractors and consultants, Silverstein Properties and its contractors and consultants, the City of New
York and its departments, the manufacturers and fabricators of the building components, the companies
that insured the WTC towers, the building tenants, the aircraft manufacturers and the airlines.

The scarcity of physical evidence that is typically available in place for reconstruction of a disaster led to
the following approach:

e Accumulation of copious photographic and video material. With the assistance of the media,
public agencies and individual photographers, NIST acquired and organized nearly
7,000 segments of video footage, totaling in excess of 150 hours and nearly 7,000
photographs representing at least 185 photographers. This guided the Investigation Team’s
efforts to determine the condition of the buildings following the aircraft impact, the evolution
of the fires, and the subsequent deterioration of the structure.

o Establishment of the baseline performance of the WTC towers, i.c., estimating the expected
performance of the towers under normal design loads and conditions. The baseline
performance analysis also helped to estimate the ability of the towers to withstand the
unexpected events of September 11, 2001. Establishing the baseline performance of the
towers began with the compilation and analysis of the procedures and practices used in the
design, construction, operation, and maintenance of the structural, fire protection, and egress
systems of the WTC towers. The additional components of the performance analysis were
the standard fire resistance of the WTC truss-framed floor system, the quality and properties
of the structural steels used in the towers, and the response of the WTC towers to the design
gravity and wind loads.

e Conduct of four-step simulations of the behavior of each tower on September 11, 2001. Each
step stretched the state of the technology and tested the limits of software tools and computer
hardware. The four steps were:

1. The aircraft impact into the tower, the resulting distribution of aviation fuel, and the
damage to the structure, partitions, thermal insulation materials, and building contents.

2. The evolution of multifloor fires.

xlii NIST NCSTAR 1, WTC Investigation
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3. The heating and consequent weakening of the structural elements by the fires.

4. The response of the damaged and heated building structure, and the progression of
structural component failures leading to the initiation of the collapse of the towers.

The output of these simulations was subject to uncertainties in the as-built condition of the towers, the
interior layout and furnishings, the aircraft impact, the internal damage to the towers (especially the
thermal insulation for fire protection of the structural steel, which is colloquially referred to as
fireproofing), the redistribution of the combustibles, and the response of the building structural
components to the heat from the fires. To increase confidence in the simulation results, NIST used the
visual evidence, eyewitness accounts from inside and outside the buildings, laboratory tests involving
large fires and the heating of structural components, and formal statistical methods to identify influential
parameters and quantify the variability in analysis results.

¢ Combination of the knowledge gained into probable collapse sequences for each tower,” the
identification of factors that contributed to the collapses, and a list of factors that could have
improved building performance or otherwise mitigated the loss of life.

e Compilation of a list of findings that respond to the first three objectives and a list of
recommendations that responds to the fourth objective.

E.3 SUMMARY OF FINDINGS

Objective 1: Determine why and how WTC 1 and WTC 2 collapsed following the initial impacts of
the aircraft.

e The two aircraft hit the towers at high speed and did considerable damage to principal
structural components: core columns, floors, and perimeter columns. However, the towers
withstood the impacts and would have remained standing were it not for the dislodged
insulation (fireproofing) and the subsequent multifloor fires. The robustness of the perimeter
frame-tube system and the large size of the buildings helped the towers withstand the impact.
The structural system redistributed loads without collapsing in places of aircraft impact,
avoiding larger scale damage upon impact. The hat truss, a feature atop each tower which was
intended to support a television antenna, prevented earlier collapse of the building core. In
each tower, a different combination of impact damage and heat-weakened structural
components contributed to the abrupt structural collapse.

e In WTC 1, the fires weakened the core columns and caused the floors on the south side of the
building to sag. The floors pulled the heated south perimeter columns inward, reducing their
capacity to support the building above. Their neighboring columns quickly became
overloaded as columns on the south wall buckled. The top section of the building tilted to the
south and began its descent. The time from aircraft impact to collapse initiation was largely

2 The focus of the Investigation was on the sequence of events from the instant of aircraft impact to the initiation of collapse for
each tower. For brevity in this report, this sequence is referred to as the “probable collapse sequence,” although it does not
actually include the structural behavior of the tower after the conditions for collapse initiation were reached and collapse
became inevitable.

NCSTAR 1, WTC Investigation xliil
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determined by how long it took for the fires to weaken the building core and to reach the
south side of the building and weaken the perimeter columns and floors.

In WTC 2, the core was damaged severely at the southeast corner and was restrained by the
east and south walls via the hat truss and the floors. The steady burning fires on the east side
of the building caused the floors there to sag. The floors pulled the heated east perimeter
columns inward, reducing their capacity to support the building above. Their neighboring
columns quickly became overloaded as columns on the east wall buckled. The top section of
the building tilted to the east and to the south and began its descent. The time from aircraft
impact to collapse initiation was largely determined by the time for the fires to weaken the
perimeter columns and floor assemblies on the east and the south sides of the building. WTC
2 collapsed more quickly than WTC 1 because there was more aircraft damage to the building
core and there were early and persistent fires on the east side of the building, where the
aircraft had extensively dislodged insulation from the structural steel.

The WTC towers likely would not have collapsed under the combined effects of aircraft
impact damage and the extensive, multifloor fires if the thermal insulation had not been
widely dislodged or had been only minimally dislodged by aircraft impact.

Objective 2: Determine why the injuries and fatalities were so high or low depending on location,
including all technical aspects of fire protection, occupant behavior, evacuation, and emergency

response.

xliv

Approximately 87 percent of the estimated 17,400 occupants of the towers, and 99 percent of
those located below the impact floors, evacuated successfully. In WTC 1, where the aircraft
destroyed all escape routes, 1,355 people were trapped in the upper floors when the building
collapsed. One hundred seven people who were below the impact floors did not survive.
Since the flow of people from the building had slowed considerably 20 min before the tower
collapsed, the stairwell capacity was adequate to evacuate the occupants on that morning.

In WTC 2, before the second aircraft strike, about 3,000 people got low enough in the
building to escape by a combination of self-evacuation and use of elevators. The aircraft
destroyed the operation of the elevators and the use of two of the three stairways. Eighteen
people from above the impact zone found a passage through the damaged third stairway and
escaped. The other 619 people in or above the impact zone perished. Seven people who
were below the impact floors did not survive. As in WTC 1, shortly before collapse, the flow
of people from the building had slowed considerably, indicating that the stairwell capacity
was adequate that morning.

About 6 percent of the survivors described themselves as mobility impaired, with recent
injury and chronic illness being the most common causes; few, however, required a
wheelchair. Among the 118 decedents below the aircraft impact floors, investigators
identified seven who were mobility challenged, but were unable to determine the mobility
capability of the remaining 111.

A principal factor limiting the loss of life was that the buildings were only one-third occupied
at the time of the attacks. NIST estimated that if the towers had been fully occupied with

NIST NCSTAR 1, WTC Investigation
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25,000 occupants each, it would have taken about 4 hours to evacuate the buildings and over
14,000 people might have perished because the stairwell capacity would not have been
sufficient to evacuate that many people in the available time. Egress capacity required by
current building codes is determined by single floor calculations that are independent of
building height and does not consider the time for full building evacuation.

e Due to the presence of assembly use spaces at the top of each tower that were designed to
accommodate over 1,000 occupants per floor for the Windows on the World restaurant
complex and the Top of the Deck observation deck, the New York City Building Code would
have required a minimum of four independent means of egress (stairs), one more than the
three that were available in the buildings. Given the low occupancy level on
September 11, 2001, NIST found that the issue of egress capacity from these places of
assembly, or from elsewhere in the buildings, was not a significant factor on that day. It is
conceivable that such a fourth stairwell, depending on its location and the effects of aircraft
impact on its functional integrity, could have remained passable, allowing evacuation by an
unknown number of additional occupants from above the floors of impact. If the buildings
had been filled to their capacity with 25,000 occupants, however, the required fourth stairway
would likely have mitigated the insufficient egress capacity for conducting a full building
evacuation within the available time.

e Evacuation was assisted by participation in fire drills within the previous year by two-thirds
of survivors and perhaps hindered by a Local Law that prevented employers from requiring
occupants to practice using the stairways. The stairways were not easily navigated in some
locations due to their design, which included “transfer hallways,” where evacuees had to
traverse from one stairway to another location where the stairs continued. Additionally,
many occupants were unprepared for the physical challenge of full building evacuation.

e The functional integrity and survivability of the stairwells was affected by the separation of
the stairwells and the structural integrity of stairwell enclosures. In the impact region of
WTC 1, the stairwell separation was the smallest over the building height—clustered well
within the building core—and all stairwells were destroyed by the aircraft impact. By
contrast, the separation of stairwells in the impact region of WTC 2 was the largest over the
building height—located along different boundaries of the building core—and one of three
stairwells remained marginally passable after the aircraft impact. The shaft enclosures were
fire rated but were not required to have structural integrity under typical accidental loads:
there were numerous reports of stairwells obstructed by fallen debris from damaged
enclosures.

e The fire safety systems (sprinklers, smoke purge, and fire alarms,) were designed to meet or
exceed current practice. However, they played no role in the safety of life on September 11
because the water supplies to the sprinklers were fed by a single supply pipe that was
damaged by the aircraft impact. The smoke purge systems were designed for use by the fire
department after fires; they were not turned on but they also would have been ineffective due
to aircraft damage. The violence of the aircraft impact served as its own alarm. In WTC 2,
contradictory public address announcements contributed to occupant confusion and some
delay in occupants beginning to evacuate.

NCSTAR 1, WTC Investigation xlv
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e For the approximately 1,000 emergency responders on the scene, this was the largest disaster
they had even seen. Despite attempts by the responding agencies to work together and
perform their own tasks, the extent of the incident was well beyond their capabilities.
Communications were erratic due to the high number of calls and the inadequate performance
of some of the gear. Even so, there was no way to digest, test for accuracy, and disseminate
the vast amount of information being received. Their jobs were complicated by the loss of
command centers in WTC 7 and then in the towers after WTC 2 collapsed. With nearly all
elevator service disrupted and progress up the stairs taking about 2 min per floor, it would
have taken hours for the responders to reach their destinations, assist survivors, and escape
had the towers not collapsed.

Objective 3: Determine what procedures and practices were used in the design, construction,
operation, and maintenance of WTC 1 and WTC 2.

e Because of The Port Authority's establishment under a clause of the United States
Constitution, its buildings were not subject to any external building code. The buildings were
unlike any others previously built, both in their height and in their innovative structural
features. Nevertheless, the actual design and approval process produced two buildings that
generally were consistent with nearly all of the provisions of the New York City Building
Code and other building codes of that time. The loads for which the buildings were designed
exceeded the code requirements. The quality of the structural steels was consistent with the
building specifications. The departures from the building codes and standards did not have a
significant effect on the outcome of September 11.

e For the floor systems, the fire rating and insulation thickness used on the floor trusses, which
together with the concrete slab served as the main source of support for the floors, were of
concern from the time of initial construction. NIST found no technical basis or test data on
which the thermal protection of the steel was based. On September 11, 2001, the minimum
specified thickness of the insulation was adequate to delay heating of the trusses; the amount
of insulation dislodged by the aircraft impact, however, was sufficient to cause the structural
steel to be heated to critical levels.

e Based on four standard fire resistance tests that were conducted under a range of insulation
and test conditions, NIST found the fire rating of the floor system to vary between 3/4 hour
and 2 hours; in all cases, the floors continued to support the full design load without collapse
for over 2 hours.

e The wind loads used for the WTC towers, which governed the structural design of the
external columns and provided the baseline capacity of the structures to withstand abnormal
events such as major fires or impact damage, significantly exceeded the requirements of the
New York City Building Code and selected other building codes of the day. Two sets of
wind load estimates for the towers obtained by independent commercial consultants in 2002,
however, differed by as much as 40 percent. These estimates were based on wind tunnel tests
conducted as part of insurance litigation unrelated to the Investigation.

E.4 RECOMMENDATIONS

xlvi NIST NCSTAR 1, WTC Investigation
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The tragic consequences of the September 11, 2001, attacks were directly attributable to the fact that
terrorists flew large jet-fuel laden commercial airliners into the WTC towers. Buildings for use by the
general population are not designed to withstand attacks of such severity; building codes do not require
building designs to consider aircraft impact. In our cities, there has been no experience with a disaster of
such magnitude, nor has there been any in which the total collapse of a high-rise building occurred so
rapidly and with little warning.

While there were unique aspects to the design of the WTC towers and the terrorist attacks of

September 11, 2001, NIST has compiled a list of recommendations to improve the safety of tall buildings,
occupants, and emergency responders based on its investigation of the procedures and practices that were
used for the WTC towers; these procedures and practices are commonly used in the design, construction,
operation, and maintenance of buildings under normal conditions. Public officials and building owners
will need to determine appropriate performance requirements for those tall buildings, and selected other
buildings, that are at higher risk due to their iconic status, critical function, or design.

The topics of the recommendations in eight groups are listed in Table E-1. The ordering does not reflect
any priority.

The eight major groups of recommendations are:

e Increased Structural Integrity: The standards for estimating the load effects of potential
hazards (e.g., progressive collapse, wind) and the design of structural systems to mitigate the
effects of those hazards should be improved to enhance structural integrity.

o Enhanced Fire Resistance of Structures: The procedures and practices used to ensure the fire
resistance of structures should be enhanced by improving the technical basis for construction
classifications and fire resistance ratings, improving the technical basis for standard fire
resistance testing methods, use of the “structural frame” approach to fire resistance ratings,
and developing in-service performance requirements and conformance criteria for spray-
applied fire resistive materials.

e New Methods for Fire Resistance Design of Structures: The procedures and practices used in
the fire resistance design of structures should be enhanced by requiring an objective that
uncontrolled fires result in burnout without local or global collapse. Performance-based
methods are an alternative to prescriptive design methods. This effort should include the
development and evaluation of new fire resistive coating materials and technologies and
evaluation of the fire performance of conventional and high-performance structural materials.
echnical and standards barriers to the introduction of new materials and technologies should
be eliminated.

e Improved Active Fire Protection: Active fire protection systems (i.e., sprinklers, standpipes/
hoses, fire alarms, and smoke management systems) should be enhanced through
improvements to design, performance, reliability, and redundancy of such systems.

e Improved Building Evacuation: Building evacuation should be improved to include system
designs that facilitate safe and rapid egress, methods for ensuring clear and timely emergency

NCSTAR 1, WTC Investigation xlvii
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communications to occupants, better occupant preparedness for evacuation during
emergencies, and incorporation of appropriate egress technologies.

e Improved Emergency Response: Technologies and procedures for emergency response
should be improved to enable better access to buildings, response operations, emergency
communications, and command and control in large-scale emergencies.

e Improved Procedures and Practices: The procedures and practices used in the design,
construction, maintenance, and operation of buildings should be improved to include
encouraging code compliance by nongovernmental and quasi-governmental entities, adoption
and application of egress and sprinkler requirements in codes for existing buildings, and
retention and availability of building documents over the life of a building.

e Education and Training: The professional skills of building and fire safety professionals
should be upgraded though a national education and training effort for fire protection
engineers, structural engineers, and architects.

The recommendations call for action by specific entities regarding standards, codes and regulations, their
adoption and enforcement, professional practices, education, and training; and research and development.
Only when each of the entities carries out its role will the implementation of a recommendation be
effective.

The recommendations do not prescribe specific systems, materials, or technologies. Instead, NIST
encourages competition among alternatives that can meet performance requirements. The
recommendations also do not prescribe specific threshold levels; NIST believes that this responsibility
properly falls within the purview of the public policy setting process, in which the standards and codes
development process plays a key role.

NIST strongly urges that immediate and serious consideration be given to these recommendations by the
building and fire safety communities in order to achieve appropriate improvements in the way buildings
are designed, constructed, maintained, and used and in evacuation and emergency response procedures—
with the goal of making buildings, occupants, and first responders safer in future emergencies.

NIST also strongly urges building owners and public officials to (1) evaluate the safety implications of
these recommendations to their existing inventory of buildings and (2) take the steps necessary to mitigate
any unwarranted risks without waiting for changes to occur in codes, standards, and practices.

NIST further urges state and local agencies, well trained and managed, to rigorously enforce building
codes and standards since such enforcement is critical to ensure the expected level of safety. Unless they
are complied with, the best codes and standards cannot protect occupants, emergency responders, or
buildings.

xlviii NIST NCSTAR 1, WTC Investigation
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Chairman BOEHLERT. Good morning. This hearing is open, and
we are pleased to welcome back one who strayed from the fold, Mr.
Weiner of New York, who was a very valued Member of this com-
mittee, and has gone onto other pursuits, but still, fortunately,
within the Congress of the United States. Mr. Weiner, welcome
back.

I want to welcome everyone to this important hearing, the Com-
mittee’s third on the tragic collapse of the World Trade Center. But
it won’t be our last. I want to promise and perhaps warn everyone
at the outset that this committee will be closely monitoring the fol-
lowup to the National Institute of Standards and Technology report
on the events of September 11.

That means we will be watching what NIST does, what other
federal agencies do, and what the code writing organizations do.
We are obviously not technical experts, but we will be making sure
that their recommendations are considered fully and thoroughly,
that NIST is doing everything necessary to back up those rec-
ommendations, and that any decisions are fully justified by the
facts.

The issues raised in NIST’s report go far beyond a single horrific
terrorist incident, and indeed, beyond terrorism as a phenomenon.
The report raises fundamental questions about what we know
about the behavior of buildings and their contents, what we know
about the behavior of individuals in emergencies, and about wheth-
er buildings are well enough designed for any large emergency.
This is not about making every building strong enough to survive
a plane crash.

That said, NIST’s conclusion that the Trade Center buildings
could have survived even the massive insult of a plane crash if the
fireproofing had remained in place, is at once both chilling and
promising, chilling because the massive loss of life was not inevi-
table, promising because it is an indication we can do more to pro-
tect lives in the future.

This committee will be asking hard questions of all of our wit-
nesses today, to make sure we do take all reasonable steps to pro-
tect lives. We will be looking into whether NIST’s recommendations
are written in a way that will facilitate the adoption by code
groups. It appears that they do not. We will be probing whether
code groups are prepared to fully and fairly review the rec-
ommendations. On that, while the initial indications in today’s tes-
timony are promising, the jury necessarily is still out.

But our tough questions should not obscure the debt of gratitude
we owe to NIST. NIST took seriously the mandate from this com-
mittee, and Mr. Weiner, I want to thank you for your assistance
in that, and the Nation gave it in the National Construction Safety
Team Act, and assembled an impressive group of experts that pro-
duced a comprehensive and impressive report. But our focus now
has to be on whether everyone is doing enough to translate the re-
port into specific, concrete steps that will prevent future tragedies.

The protection of life is the highest responsibility of public offi-
cials, and our hearing today is about that responsibility, just as
much as any hearing on the military or homeland security would
be. But the process in this case is far more complex, because of the
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way it involves the private sector and every level of government.
But complexity is not an excuse for inaction.

Before I turn to the minority, I want to give a special welcome
to Bill Jeffrey, who is making his first appearance before this com-
mittee. I say first public appearance, because Dr. Jeffrey has long
been a valued advisor to this committee in his work at the Office
of Science and Technology Policy, someone we have admired for his
intelligence, open-mindedness, and candor.

We could not be more delighted with his appointment as the Di-
rector of NIST, and we very much look forward to continuing to
work with him. Hopefully, after today, he will still feel that way
about us. This isn’t, perhaps, the topic any of us would have chosen
for his maiden hearing, but there is none of greater importance,
and this hearing underscores the importance of NIST and its need
for greater funding. But I won’t get started on that subject now; we
have more than enough to deal with today.

And T also want to welcome back someone who has been so in-
valuable to this committee as counsel, Sally Regenhard, Chair-
person of the Skyscraper Safety Committee. She is emotionally and
intellectually involved in our proceedings in so many different
ways, and she has been a source of strength and inspiration to us,
and she is dogged in her determination, and I commend her for
that. People will often ask me, “When you go to Washington, I bet
you meet with lobbyists.” And I say “Sure, I meet with lobbyists.
Every single day. Lobbyists are people who advocate for some-
thing.” And there is one of the best lobbyists in this town today in
Sﬁlfy Regenhard. What she is advocating for involves the protection
of life.

So, with that, let me turn to Mr. Miller for any statement he
might care to make, and then we will have our first panel of one,
Ms. Regenhard.

[The prepared statement of Chairman Boehlert follows:]

PREPARED STATEMENT OF CHAIRMAN SHERWOOD L. BOEHLERT

I want to welcome everyone to this important hearing, this committee’s third on
the tragic collapse of the World Trade Center, but probably not our last. I want to
promise (and perhaps warn) everyone at the outset that this committee will be
closely monitoring the follow-up to the National Institute of Standards and Tech-
nology (NIST) report on the events of September 11.

That means we will be watching what NIST does, what other federal agencies do,
and what the code writing organizations do. We are obviously not technical experts,
but we will be making sure that the recommendations are considered fully and thor-
oughly, that NIST is doing everything necessary to back up those recommendations,
and that any decisions are fully justified by the facts.

The issues raised in NIST’s report go far beyond a single, horrific terrorist inci-
dent, and indeed beyond terrorism as a phenomenon. The report raises fundamental
questions about what we know about the behavior of buildings and their contents,
what we know about the behavior of individuals in emergencies, and about whether
buildings are well enough designed for any large emergency. This is not about mak-
ing every building strong enough to survive a plane crash.

That said, NIST’s conclusion that the Trade Center buildings could have survived
even the massive insult of a plane crash if the fireproofing had remained in place
is at once both chilling and promising—chilling because the massive loss of life was
not inevitable; promising because it is an indication we can do more to protect lives
in the future.

We could not be more delighted with his appointment as the Director of NIST,
and we very much look forward to continuing to work with him. Hopefully, after
today, he will still feel that way about us. This isn’t perhaps the topic any of us
would have chosen for his “maiden” hearing, but there is none of greater impor-
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tance. And this hearing underscores the importance of NIST, and its need for great-
er funding. But I won’t get started on that subject now; we have more than enough
to deal with today. Mr. Gordon.

Mr. MILLER. Thank you, Mr. Chairman. I want to join Chairman
Boehlert in welcoming everyone to this morning’s hearing.

On the surface, today’s topic may sound dry and technical. How-
ever, what we are talking about here really is saving lives. The sole
purpose of the National Construction Safety Team Act is to save
lives by investigating and understanding building collapses, and
then improve building codes, emergency response, and evacuation
procedures.

The National Institute of Standards and Technology’s, NIST’s,
World Trade Center investigation and their recommendations are
the first real result of the Act. The NIST report is a good first step,
but really a lot remains to be done. We need to know what is re-
quired to translate these NIST recommendations into improved
buildings and emergency response and evacuation procedures.
Those changes will improve public safety, and otherwise, we would
have nothing to show, except another government report sitting on
a shelf. That is going to require continued oversight by this com-
mittee as the process moves forward.

I also encourage the witnesses to give us their assessment of the
work that NIST has done during the last two years, and what they
think could be improved. And I want to mention that I am not only
interested in the subject from the Science Committee perspective,
but also how it relates to the Terrorism Risk Insurance Act, TRIA,
which is now pending before the Financial Services Committee, and
whether we should consider the NIST recommendations as part of
private sector preparedness, and how that affects TRIA.

Now, I would like to yield the balance of my time to a former
Member of the Science Committee, Anthony Weiner. Mr. Weiner
has no small interest in NIST’s work on the World Trade Center
investigation, both as a Member from New York City, but also, he
was the co-author, along with Chairman Boehlert, of the National
Construction Safety Team Act.

Mr. Weiner, welcome back.

[The prepared statement of Mr. Miller follows:]

PREPARED STATEMENT OF REPRESENTATIVE BRAD MILLER

I want to join Chairman Boehlert in welcoming everyone to this morning’s hear-

ing.
On the surface, today’s hearing topic may sound dry and technical. However, what
we’re really talking about is saving lives. The sole purpose of the National Construc-
tion Safety Team Act is to save lives by investigating and understanding building
collapses and then improve building codes, emergency response and evacuation pro-
cedures.

The National Institute of Standards and Technology’s (NIST) World Trade Center
(WTC) investigation and recommendations are the first case of implementation of
the Act. The NIST report is a good first step, but much work remains to be done.
We need to know what is required to translate the NIST recommendations into im-
proved building codes, and emergency response and evacuation procedures. It is
these changes that will improve public safety, otherwise we will have nothing more
than another government report sitting on a shelf. This will also require continued
oversight by the Science Committee as the process moves forward.

I'm also encourage the witnesses to give us their assessment of what NIST has
done during the past two years and what they feel could be improved. I also want
to mention that I'm not only interested in this subject from a Science Committee
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perspective, but also how it relates to Terrorism Risk Insurance from my work on
the Financial Services Committee.

Now I would like to yield the balance of my time to a former Member of the
Science Committee, Anthony Weiner. Rep. Weiner not only has a parochial interest
in the NIST’s WTC investigation, but he was a co-author, with Chairman Boehlert,
of the National Construction Safety Team Act.

Mr. WEINER. Thank you, Mr. Miller. I appreciate it, and thank
you, Mr. Chairman, for continuing to keep the effort alive that was
one of the ones that emerged after September 11 that truly drew
consensus in this Congress. I want to welcome back, also, Sally
Regenhard, who if it was the Boehlert-Weiner Bill, it really should
have been the Boehlert-Weiner-Regenhard Bill, because she ac-
knowledged and called all of our attention to the notion that we all
agree upon now, that before September 11 and until the passage
of this legislation, there was no effort by government to do any
kind of forensic examination of why buildings collapse, how we
make them stronger, and how we make sure that they never hap-
pen again.

That is just one of the things I think we agree upon at this point.
We also agree, and from learning, from reading the report and from
hearing the stories of those that were inside, and those that were
engaged in the largest civic rescue in our nation’s history, there
were some tragic flaws in the design of the World Trade Center.
There were also some remarkable design achievements that al-
lowed the buildings to stand despite remarkable stress.

But we also, after getting the report back now, I think there is
an emerging consensus on a couple of other issues as well. One is
that the study doesn’t go far enough. The study doesn’t include the
level of specificity that would truly make the report a handbook for
those seeking to come up with building codes in the future. The
City of New York is involved in something it hasn’t done in a gen-
eration, which is rewriting its building codes. If I were to send this
report to the City of New York, and they wanted to go to a ref-
erence and say, well, how do we follow up on the NIST rec-
ommendation that we improve standards for fire resistance testing.
Is there a standard in this report? And the answer is no. If they
want to follow up on the NIST recommendation that fire protection
and suppression redundancy be built into buildings, is there a spe-
cific standard that they can take from this report? The answer is
no. So, I think that we have fallen short, NIST has fallen short of
making this a true reference manual for future protection of big
buildings. And for those of us in New York City and other big cit-
ies, and frankly, even medium sized cities that are building build-
ings of greater than twenty stories, it falls short.

And I also think something else. You know, we in government
have a certain tolerance for the slow pace of things. This took too
long. It took too long for NIST to produce a report that really
doesn’t get us anywhere past the 50 yard line here. We are not in
the Red Zone. We are not getting close to the place that we need
to be. And I am prepared to introduce legislation, hopefully with
the support of this committee and its great chairman, to say okay,
let us take the next step. Let us take these general recommenda-
tions. Let us take the general forensic examination that was done
on the World Trade Center. Let us take the general propositions
that are suggested herein. Let us assume they are correct, but let
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us take the next step. Let us produce a document that truly has
some fairly specific standards. Let us incentivize, but not require—
I don’t believe we should have a Federal Buildings Department—
that incentivizes cities, states, and localities to adopt these things,
and also, allows families, allow legislators when considering things
like TRIA or building codes in Skokie, Illinois or Brooklyn, New
York, to have a reference guide that they can use. Only then will
the true goals of our original legislation have been fulfilled, and I
}hink that that is something that we should point towards in the
uture.

And I thank you again, Mr. Chairman, for allowing me to sit in.
I want to thank all of the professionals at NIST. Mr. Jeffrey, I am
sure by now you have gotten to know the Chairman. You and I
haven’t gotten to know one another. I am sure you have gotten to
know Members of this committee. You would be wise to get to
know Sally Regenhard very well, because whether you would like
to or not, you are going to have a very big file with her name on
it, and she has shown us one thing, you know, for those of us that
have lost loved ones, there are many ways that people express their
grief. The way Sally Regenhard and many of her friends and neigh-
bors have expressed their grief is by making sure that there are
no such disasters like this again in the future, and doing every-
thing we can to prevent it. That is something that Chairman Boeh-
lert and I are committed to. I know the professionals at NIST are
committed to that. Now we have to go and finally get that job done.

And I thank you, Mr. Chairman.

Chairman BOEHLERT. Well, welcome back, and just let me say
how pleased I am that you are finally getting to meet Dr. Jeffrey,
because to know him is to like him, but more importantly, to know
what he is all about and his mission and his approach to the job
is to know he is determined to follow through, as we are.

This is just another hearing. This is not the final chapter in a
drama about a horrific incident. We are determined to follow
through, as is Dr. Jeffrey and the people at NIST working with the
National Institute of Building Sciences. This is, by no means, the
final chapter. This is another chapter, but we are determined to go
forward working together, and we welcome you back as part of the
team.

With that, let me present the first witness, and I—Dr. Ehlers.

Mr. EHLERS. Thank you, Mr. Chairman. I appreciate you calling
this hearing, and am very pleased to see the results that have been
achieved. It is a little known facet of NIST responsibilities to do
this sort of thing, and I am very pleased with the work they have
done. And I think is providing a very strong base on which to build
for the future.

I want to thank all our witnesses for coming here today. In par-
ticular, I want to congratulate Dr. Jeffrey, the new NIST Director,
on his first appearance before this committee, and on NIST’s latest
Nobel Prize for Physics, announced this month to Dr. Jan Hall, a
former colleague from my days as a researcher at NIST’s Joint In-
stitute for Laboratory Astrophysics, better known as JILA at the
University of Colorado. And I have known Dr. Hall for years, and
he is certainly deserving of this honor. This increases Nobel Prizes
to three, demonstrating that NIST continues to be a world leader
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in research and theoretical work. I might also add that now that
a physicist is heading the organization, I expect the output of
Nobel Prizes will increase, and so, I will leave that to you as a
challenge. I also wanted to congratulate Mr. Henry Green, a resi-
dent of my home State of Michigan, on his prestigious new position
as President of the International Code Council, and I have had the
pleasure of meeting with Mr. Green, and I am very impressed with
him and his ability. I look forward to great things from him and
his work on that Council.

The National Construction Safety Team Act, which originated in
this committee, gave NIST specific authorities necessary to com-
plete the monumental task of understanding the collapse of the
World Trade Center towers. Today’s hearing will give the Science
Committee the chance to learn about NIST’s findings and rec-
ommendations, and obtain comments from the witnesses about
these recommendations and the process by which they will be im-
plemented.

The publication of the NIST report may signal the end of the in-
vestigation itself, but it launches a new phase in that process
which I hope will result in safer buildings. NIST’s recommenda-
tions indicate that there are opportunities to make buildings safer
and more resilient to fires and other incidents, to improve evacu-
ation routes and procedures, and to improve emergency response.
However, the task of amending the building codes is in the hands
of the private sector and the State and local officials. NIST’s role
now becomes technical advisor to the code development process.
Congress needs to understand this process, and must support the
research and testing required if any of NIST’s recommendations
are to become common practice. Congress also needs to understand
what challenges may exist in implementing NIST’s recommenda-
tions. Finally, I hope we hear from NIST about how it plans to use
the National Construction Safety Team Act in the future, because
I am certain we will have other occasions that this has to be called
into action.

I want to thank NIST for the good work that you have done.
Keep this up as we continue to work together to make buildings
safer, both during and after disasters. I will have to apologize, be-
cause I will be in and out of this committee meeting, mostly out,
because I have two other committee meetings simultaneously, and
we are marking up bills, so my presence is required for votes. And
I apologize to the Members testifying, the witnesses testifying, and
also to the Chairman, but I will be here as much as I can.

[The prepared statement of Mr. Ehlers follows:]

PREPARED STATEMENT OF REPRESENTATIVE VERNON J. EHLERS

Thank you, Chairman Boehlert.

I want to thank all our witnesses for coming here today. In particular, I want to
congratulate Dr. William Jeffrey, the new NIST Director, on his first appearance be-
fore this Committee, and on NIST’s latest Nobel Prize for Physics, announced this
month to Dr. Jan Hall, a former colleague from my days as a researcher at NIST’s
Joint Institute for Laboratory Astrophysics (JILA) at the University of Colorado.
This increases NIST’s Nobel Prizes to three, demonstrating that NIST continues to
be a world leader in research and theoretical work. I also want to congratulate Mr.
Henry Green, a resident of my home State of Michigan, on his prestigious new posi-
tion as President of the International Code Council (ICC).



27

The National Construction Safety Team Act (NCST), which originated in this com-
mittee, gave NIST specific authorities necessary to complete the monumental task
of understanding the collapse of the World Trade Center Towers. Today’s hearing
will give the Science Committee the chance to learn about NIST’s findings and rec-
ommendations, and obtain comments from the witnesses about these recommenda-
tions and the process by which they will be implemented.

The publication of the NIST report may signal the end of the investigation itself,
but it launches a new phase in a process that I hope will result in safer buildings.
NIST’s recommendations indicate that there are opportunities to make buildings
safer and more resilient to fires and other incidents, to improve evacuation routes
and procedures, and to improve emergency response. However, the task of amending
the building codes is in the hands of the private sector and state and local officials.
NIST’s role now becomes technical advisor to the code development process. Con-
gress needs to understand this process, and must support the research and testing
required if any of NIST’s recommendations are to become common practice. Con-
gress also needs to understand what challenges may exist in implementing NIST’s
recommendations. Finally, I hope we hear from NIST about how it plans to use the
National Construction Safety Team Act in the future.

Thank you to NIST for the good work you’ve done. Keep this up as we continue
to work together to make buildings safer both during and after disasters.

Chairman BOEHLERT. Well, now that you are making some ad-
missions, in the interest of full disclosure, while we are all very
proud of that Nobel Prize in physics for NIST, in the interest of full
discltc)lsure, Dr. Ehlers is a physicist, and so, he is particularly
proud.

[The prepared statement of Mr. Costello follows:]

PREPARED STATEMENT OF REPRESENTATIVE JERRY F. COSTELLO

Good morning. I want to thank the witnesses for appearing before our committee
to discuss the findings and recommendations of the National Institute of Standard
?\;1]% 'CI‘)echnology’s (NIST) investigation into the collapse of the World Trade Center

This committee has held two hearings in 2002 on the WTC collapse that focused
on how the Federal Government investigates catastrophic building failures and the
lessons learned from the collapse. Concerns raised at the hearing included the lack
of any specific federal authority, protocols, or funding for investigations of any kind.
As we have learned from the catastrophic damages of Hurricane Katrina, coordina-
tion among federal agencies is critical for gauging our preparedness and responding
to national disasters. In order to address these concerns, it is my understanding
that NIST issued a draft report for public comment that summarizes the findings
of the investigation and includes thirty recommendations to improve the safety of
tall buildings, occupants, and emergency responders. However, for NIST’s plans to
be effective, they must be implemented by standards organized and adopted by
State and local authorities that set building codes and standards. I want to know
how NIST intends to implement its research and recommendations for improved
building codes, emergency response and evacuation procedures.

I welcome our witnesses and look forward to their testimony.

[The prepared statement of Ms. Johnson follows:]

PREPARED STATEMENT OF REPRESENTATIVE EDDIE BERNICE JOHNSON

Thank you, Mr. Chairman and Ranking Member.

The events of September 11, 2001, changed our lives forever. That day changed
how we Americans prepare ourselves against terrorism.

Building codes and safety regulations play a critical role during a disaster—nat-
gralhor otherwise. Smart construction can mean the difference between life and

eath.

During an attack, the weight of collapsing building materials and heat of fire
challenge even the best building designs.

The National Institute of Standards and Technology has come today to report on
its findings and recommendations following its investigation into the collapse of the
World Trade Center.

I hope today’s discussion will underscore this key report and help the Committee
understand how building and fire code organizations plan to implement the rec-
ommendations contained in that report.
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I would like to extend a warm welcome to our witnesses today. Thank you, Mr.
Chairman.

[The prepared statement of Mr. Carnahan follows:]

PREPARED STATEMENT OF REPRESENTATIVE RUSS CARNAHAN

Mr. Chairman and Mr. Ranking Member, thank you for hosting this important
hearing.

I am eager to learn more about the National Institute of Standards and Tech-
nology report recommendations. The World Trade Center collapse was a horrific epi-
sode for our nation and this report is another appropriate measure that revisits the
events and permits us to learn from the tragedy.

Building safety and emergency evacuation are issues that go well beyond the sub-
ject of terrorism. This terrible hurricane season is demonstrating all too well the ef-
fect natural disasters have on man-made structures and our communities.

I represent a congressional district in St. Louis City that runs south along the
Mississippi river. Our region is near the New Madrid earthquake center, which
struck the area from 1811 to 1812. These sequences are the most powerful earth-
quakes ever to have been felt on the North American continent. The New Madrid
Fault System remains a threat to our region, and thus, I am eager to learn more
about the steps our community needs to take to better prepare our structures for
a possible earthquake.

To the multiple witnesses that appear before us today, thank you for your time
and your efforts. I look forward to hearing your testimony.

[The prepared statement of Ms. Jackson Lee follows:]

PREPARED STATEMENT OF REPRESENTATIVE SHEILA JACKSON LEE

In looking at what are the next steps in terms of building codes and building
structures and integrity, we must unfortunately review what took place on that
dreadful day know as September 11th. Like most building collapses, these events
were the result of a combination of factors. While the buildings were able to with-
stand the initial impact of the aircraft, the resulting fires that spread through the
towers weakened support columns and floors that had fireproofing dislodged by the
impacts. This eventually led to collapse as the perimeter columns were pulled in-
ward by the sagging floors and buckled. According to reports, each aircraft severed
perimeter columns, damaged interior core columns and knocked off fireproofing from
steel as the planes penetrated the buildings. The weight carried by the severed col-
umns was distributed to other columns. Subsequently, fires began that were initi-
ated by the aircraft’s jet fuel but were fed for the most part by the building contents
and the air supply resulting from breached walls and fire-induced window breakage.
These fires, in combination with the dislodged fireproofing, were responsible for a
chain of events in which the building core weakened and began losing its ability to
carry loads. The floors weakened and sagged from the fires, pulling inward on the
perimeter columns. Floor sagging and exposure to high temperatures caused the pe-
rimeter columns to bow inward and buckle—a process that spread across the faces
of the buildings which as a result caused the entire structure to collapse.

As a Member of the Committee on Homeland Security, I am very interested in
hearing the testimony of our witnesses today. While there have been many theories,
no one really knows when, where and if another terrorist attack will take place. It
is due to this uncertainty that we must do our best to be prepared in all possible
aspects of homeland security. It is my understanding that the September 20, 2005
report released by NIST includes a detailed technical analysis of the root causes of
the building failures as well recommendations to improve the safety of tall build-
ings, occupants and emergency responders. I believe these recommendations fall into
eight categories of thirty recommendations. Loosely categorized these are: 1) in-
creased structural integrity, 2) enhanced fire resistance of structures, 3) new meth-
ods for fire resistance design, 4) improved active fire protection, 5) improved build-
ing evacuation procedures, 6) improved emergency response, 7) improved procedures
and practices in the design, construction and operation of buildings; and 8) upgrad-
ing the education/training of building and fire safety professionals. In closing, I look
forward to the statements and recommendations of our witnesses as they lay out
a road map as to how to protect our nation’s structures.

[The prepared statement of Mr. Moore follows:]
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PREPARED STATEMENT OF REPRESENTATIVE DENNIS MOORE

More than four years after the devastating terrorist attacks of September 11,
2001, we still remember too well the horrible images of that morning: the citizens
of New York and Washington D.C. running in fear and confusion from the site of
the attacks, firemen and other safety personnel bravely ushering men and women
out of harms way, and the skeletal remains of the Twin Towers silhouetted against
the bright September sky.

Within hours of the attacks themselves, the Twin Towers collapsed, killing thou-
sands of individuals trapped inside.

While there were many factors that contributed to the catastrophic loss of human
life our country suffered on 9/11, an issue that demands careful scrutiny by this
committee is the circumstances that contributed to the collapse of the Towers them-
selves.

As co-chair of the Congressional Hazards Caucus, ensuring that our buildings are
properly designed and constructed to handle destructive forces, whether they are
terrorist attacks, hurricanes, or tornadoes is of utmost importance to me.

I appreciate the willingness of the panel to share their opinions with the Members
of the Science Committee on the findings of the National Institute of Standard and
Technology’s (NIST) report on the collapse of the World Trace Center and look for-
ward to working with you in the future to ensure the continued safety and security
of not only our buildings, but of the American people.

Chairman BOEHLERT. Now, with that, and no further opening
statements, let me present, welcome back to the Committee, Ms.
Sally Regenhard, Chairperson of the Skyscraper Safety Committee.
Ms. Regenhard, the floor is yours, and she will have a very inter-
esting statement, and so much of the commentary in her statement
will lead us to provide questions to the panel that will follow.

So, Ms. Regenhard, the floor is yours.

Panel I:

STATEMENT OF SALLY REGENHARD, CHAIRPERSON,
SKYSCRAPER SAFETY CAMPAIGN

Ms. REGENHARD. Okay. Thank you. Good morning, Chairman
Boehlert and Members of the House Science Committee. It is truly
an honor and a privilege to address you today.

I must first begin by thanking Chairman Sherwood Boehlert and
this committee for listening with compassion and concern to the
families of the victims of 9/11. When we first came here in March
and May of 2002, we were desperately seeking leadership for an in-
vestigation of what happened to our loved ones on 9/11. We had
sought this on the local level in New York City, but found no one
to help us answer the painful questions regarding what happened
to our loved ones in the World Trade Center on that dreaded day
of infamy.

Chairman Boehlert and the Science Committee, you have re-
deemed our belief in the system, and renewed our faith in the proc-
ess of representative government in our beloved country, and for
this, we profoundly thank you. The families of the victims as well
as the American public remain in your debt for your efforts in au-
thorizing a WTC investigation through the National Construction
Safety Team Act.

I must also begin by thanking NIST for interacting with us on
a regular basis over the past three years, via conference calls and
meetings, with myself and my SSC co-chair, Monica Gabrielle, who
is out of the country and cannot be here today. I know that it has
not always been easy to deal with me and with other victims’ fami-
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lies, but I appreciate the tolerance and respect shown to us by
NIST. I also appreciate the vast technical research abilities of this
organization and the enormous task of embarking upon the WTC
investigation.

In totality, however, while some very valuable results were
achieved, the overall mode and findings of the investigation was
not what I had hoped for. I had certain hopes regarding NIST in
the investigation, but I and others were somewhat disillusioned re-
garding what NIST was willing and able to do. I had hoped for
more specific and comprehensive recommendations that could eas-
ily be translated into code reform and change, but this was not the
case. The recommendations, I feel, are very general and lack spe-
cifics. I feel that the vagueness of the language was influenced by
a need for political correctness and a general reluctance or an in-
ability to investigate, use subpoena power, lay blame, or even point
out the deadly mistakes of 9/11 in the World Trade Center.

The following are five areas of concern of the Skyscraper Safety
Campaign, and these concerns have been compiled by input from
my professional advisors, as well as my own experience during the
last four years.

The first area of concern is the role of the Port Authority of New
York and New Jersey and its exemptions from immunities and
codes. The failure of the NIST investigation to comprehensively ex-
amine what role these immunities played in the design, construc-
tion, maintenance, and ultimate collapse of the World Trade Cen-
ter, is of great concern to me.

Secondly, the lack of more intense emphasis on the fireproofing
issues, the premature disposal of the steel evidence, the heavy reli-
ance on computer modeling for the fire testing, and the reluctance
to focus on cause, blame, and resultant implications are troubling
to us.

Number three, the reliance on the voluntary cooperation of key
figures in the investigation to provide needed information, putting
the WTC chief structural engineer on the payroll to facilitate his
involvement in the investigation, utilizing researchers to the exclu-
sion of true investigators going into the field to obtain evidence is
also problematic to me. On this last point, I want to note that I
have been married to an NYPD detective sergeant for over 30
years, and I can recognize an investigation when I see one. I feel
the inherent character of the NIST as a research rather than an
investigative agency was a factor in this situation.

Number four, the lack of focus on evacuation issues of the World
Trade Center, such as the remoteness of the exits, the behavior of
fleeing persons in the stairwells, and the avoidance of first person
accounts of stairwell evacuation, and the length of time it took to
evacuate the building was a shortcoming.

Finally, the relative secrecy of the investigation and the with-
holding of all materials and documents used by NIST to arrive at
the study’s conclusions is very disturbing. These materials should
be made available to professionals to further study and to analyze,
and to question and verify the findings according to the scientific
method. And they should not be locked away in the National Ar-
chives or anywhere else. I certainly hope that I could call on the
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Science Committee to help unlock this information for the Amer-
ican public in the future.

In conclusion, for these and for other reasons, I feel that govern-
ment must take a larger role in developing stronger codes and
standards for building and public safety, by being a true resource
to the code industry. Government representatives should be part of
code writing groups, to provide advice and guidance, and to help
develop standards and practices. As it stands now, it is largely a
battle of the do-gooders, like me and the Skyscraper Safety Advi-
sors, versus the business interests, in a never-ending conflict re-
garding public safety. The NIST investigation should not be an
end. It should be just the beginning of a new era, in which we see
the real and meaningful role that government must play in the
safety and wellbeing of the American people. In addition to the
laudable creation of the National Construction Safety Team Act,
this participation can be an additional legacy for the innocent vic-
tims of 9/11, including my beautiful son, Probationary Firefighter
Christian Michael Otto Regenhard, whose godmother is holding his
picture here today. He continues to be the inspiration for the work
and the accomplishments of the Skyscraper Safety Campaign.

I thank you all for this opportunity to speak to you today. God
bless you all in your work.

[The prepared statement of Ms. Regenhard follows:]

PREPARED STATEMENT OF SALLY REGENHARD

Good morning Chairman Boehlert and Members of the House Science Committee.
It is truly an honor and a privilege to address you today. I must first begin by
thanking Chairman Sherwood Boehlert and this committee, for listening with com-
passion and concern to the families of the victims of 9/11. When we first came here
in March and May of 2002, we were desperately seeking leadership for an investiga-
tion of what happened to our loved ones on 9/11/01. We had sought this on the local
level in NYC, but found no one to help us answer the painful questions regarding
what happened to our loved ones in the WTC on that dreaded day of infamy.

Chairman Boehlert and the Science Committee redeemed our belief in the system,
and renewed our faith in the process of representative government in our beloved
country, and for this, we profoundly thank you. The families of the victims, as well
as the American public, remain in your debt for your efforts in authorizing a WTC
Investigation through the National Construction Safety Team Act.

I must begin by thanking NIST for interacting with us on a regular basis over
the past three years, via conference calls and meetings, with myself and my SSC
co-chair, Monica Gabrielle, who is out of the country, and cannot be here today. I
know it has not always been easy to deal with me and other victims’ families, but
I appreciate the tolerance and respect showed by NIST. I also appreciate the vast
technical research abilities of this organization, and the enormous task of embark-
ing upon the WTC Investigation.

In totality however, while some very valuable results were achieved, the overall
mode and findings of the investigation was not what I had hoped for. I had certain
hopes regarding NIST and the investigation, but I and others were disillusioned re-
garding what NIST was willing and able to do. I had hoped for more specific and
comprehensive recommendations that could easily be translated into code reform
and change, but this is not the case. The recommendations are very general and
lack specifics. I feel that the vagueness of the language was influenced by political
correctness and a general reluctance or inability to “investigate,” use subpoena
power, “lay blame,” or even point out the deadly mistakes of 9/11 in the WTC.

The following are five areas of concern for the Skyscraper Safety Campaign:
(While I have an understanding of these issues in concept, for answers to specific,
technical questions, I would like to confer with two of my technical advisors who
are with me here today.)

1) The role of the Port Authority of NYNJ and its’ exemptions from immunities
and codes. The failure of the NIST Investigation to comprehensively examine
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what role these immunities had in the design, construction, maintenance
and ultimate collapse of the WTC is of great concern to me.

The lack of more intense emphasis on fireproofing issues, premature disposal
of steel evidence, the heavy reliance on computer modeling for fire testing,
and the reluctance to focus on cause, blame, and resultant implications are
troubling.

3) The reliance on the voluntary cooperation of key figures in the investigation
to provide needed information; placing the former WTC chief structural engi-
neer on the payroll to facilitate his involvement in the investigation, utilizing
researchers to the exclusion of true investigators going into the field to ob-
tain evidence is problematic to me. On this last point, I have been married
to a NYPD detective sergeant for over 30 years, and I can recognize an In-
vestigation when I see one. I feel the inherent character of NIST as a re-
search rather than investigative agency was a factor in this situation.

4) The lack of focus on evacuation issues of the WTC such as remoteness of
exits, behavior of fleeing persons in the stairwells, and the avoidance of first
person accounts of stairwell evacuation, and length of time it took to evac-
uate the building was a shortcoming.

The relative secrecy of the investigation, and the withholding of all materials
and documents used by NIST to arrive at the study’s conclusions is very dis-
turbing. These materials should be made available to professionals for fur-
ther study and analysis, to question and/or duplicate the findings, according
to the scientific method, and should not be locked away in the National Ar-
chives or anywhere else. I hope I can call on the Science Committee to
unlock this information for the American public.

2
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In conclusion, for these and other reasons, I feel that government must take a
larger role in developing stronger codes and standards for building and public safe-
ty. Government representatives should be part of code writing groups, and help to
develop standards and practices. As is stands now, it is a battle of the “do-gooders”
like me and the Skyscraper Safety Advisors vs. business interests, in a never ending
conflict regarding public safety. The NIST investigation should not be an end; it
should be just the beginning of a new era in which we see the real and meaningful
role that government must play in the safety and well being of the American people.
In addition to the laudable creation of the National Construction Safety Team Act,
this participation can be an additional legacy for the innocent victims of 9/11, in-
cluding my beautiful son, Probationary Firefighter Christian Michael Otto
Regenhard, who continues to be the inspiration for the work and accomplishments
of the Skyscraper Safety Campaign. Thank you for this opportunity to speak today.
God bless you all.

Chairman BOEHLERT. Thank you very much, and you continue to
be an inspiration to this committee.

Let me point out that now, the witnesses that will follow. I hope
you are going to be able to remain to listen to their testimony, and
to listen to the questioning. I think you are absolutely correct in
pointing out that I think it is a shared interest in being more spe-
cific, rather than vague, in the report, but NIST, I think, has done
an outstanding job, and NIST correctly, as you identified in your
testimony, is not an investigative agency. It is a research agency.
I have found NIST to be most cooperative, but we are going to hold
their feet to the fire, and we are going to make certain they follow
through in their recommendations.

So, I think, hopefully, some measure of comfort will come to you
from the statement of Dr. Jeffrey and his expressed determination
to follow through on this. And I think you will be interested in
what some of other witnesses have to say. These are people with
whom you are familiar. And finally, I just hope it is not the do-
gooders versus the business interests. I think we have got to have
a partnership here. It is good business to make buildings safer, and
that does good in the process. So, we will all work together. Thank
you very much.
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Ms. REGENHARD. Thank you very much.

Chairman BOEHLERT. The second panel today consists of Dr. Wil-
liam Jeffrey, Director of the National Institute of Standards and
Technology; Ms. Nancy McNabb, Director of Government Affairs,
National Fire Protection Association; Dr. James R. Harris, Presi-
dent, J.R. Harris and Company, Member, American Society of Civil
Engineers; and Mr. Glenn Corbett, Assistant Professor of Fire
Science, John Jay College of Criminal Justice, Member of NIST Na-
tional Construction Safety Team Advisory Board; and for the pur-
pose of an introduction of our final witness, I call on our distin-
guished colleague, Mr. Schwarz of Michigan.

Mr. ScHWARZ. Thank you, Mr. Chairman. It is not frequently
that I have the opportunity to introduce a constituent to his testi-
fying before this committee, but in this case, Mr. Henry L. Green
not only serves as President of the Board of Directors for the Inter-
national Code Council, but as an expert in his field, and as a con-
stituent of mine from Delta Township, which is just outside of Lan-
sing, Michigan. In 1989, Mr. Green was appointed Executive Direc-
tor of the Bureau of Construction Codes and Fire Safety for the
Michigan Department of Labor and Economic Growth. Henry, they
keep changing the names of the departments. That was what it
was when I was in the State senate. He has worked in the Bureau
for more than 20 years, serving as Building Inspector, Chief of the
Barrier Free Design Division, Chief Building Inspector, and as
Deputy Director before assuming his current role. He also serves
on the Building Officials Code Administration, BOCA, Board of Di-
rectors, serving as President in 1997.

Mr. Chairman, Mr. Green is eminently qualified to testify before
this committee, and I am equally delighted that he is here and a
constituent of mine from mid-Michigan, from the 7th District. Actu-
ally, he is from Spartan Country, not Wolverine Country, but we
will forgive him for that.

Chairman BOEHLERT. Mr. Green would join us at the table, and
thank you very much for that eloquent introduction. I have had the
pleasure of meeting Mr. Green, and I want to welcome you here.
I want to welcome all of you here, and I want to thank you for
being resources for this committee. I particularly want to welcome
Dr. Jeffrey in his maiden public appearance before the Science
Committee, in his present capacity.

Dr. Jeffrey, the floor is yours. And I would say to all our wit-
nesses, we would ask that you try to summarize your opening
statement in five minutes or so. We are not going to be all that ar-
bitrary, but that will allow more time for questions and interaction
between the panel and the Members. Dr. Jeffrey, the floor is yours.

Panel 11:

STATEMENT OF DR. WILLIAM JEFFREY, DIRECTOR, NATIONAL
INSTITUTE OF STANDARDS AND TECHNOLOGY

Dr. JEFFREY. Thank you, Mr. Chairman, and also thank you for
your warm welcome remarks.

Mr. Chairman and Members of the Committee, I am pleased to
testify on the NIST investigation of the World Trade Center dis-
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aster. With your permission, I have a written statement for the
record, along with our final report.

Chairman BOEHLERT. Without objection, so ordered. All the
statements in their entirety will be part of the official record.

Dr. JEFFREY. And I will now summarize our work to date and our
plans for the future. We announced this investigation saying it
would be thorough, open, and result in meaningful recommenda-
tions.

It was thorough. NIST was able to acquire and test enough steel
from the buildings to have confidence in our findings. We acquired
more than 7,000 photos and 150 hours of videotape. We inter-
viewed nearly 1,200 survivors and first responders, and we gained
access to key information about the building’s design and construc-
tion.

It was also open. We sought public comment on our plans even
before we began the investigation. We held numerous briefings for
the public, published reports on our progress, and solicited com-
ments. We sought input from an advisory committee of outside ex-
perts. We established a special liaison with the families of victims,
and communicated regularly with the relevant organizations in
New York City. This was no academic exercise. We were charged
with developing meaningful recommendations, and we have done
that. Using the recommendations from this investigation to make
improvements in the way people design, maintain, and use build-
ings has just begun. NIST is working vigorously with the relevant
communities to turn the recommendations into action.

The direct link between the terrorist-initiated airplane attacks,
the ensuing fires, and the collapse of the towers was established
through extensive testing, analyses, and computer modeling. Here,
you see a model of the aircraft as it enters Tower 1, and the dam-
age that was inflicted as debris and jet fuel spread over multiple
floors. These models helped us to estimate the internal damage to
the structure and fireproofing that was not visible in photos and
videos taken from the outside.

The egress capacity required by the current building codes is
based on evacuating a single floor, not an entire building. Fortu-
nately, the towers were only one third to one half of full capacity
that morning, allowing 87 percent of the occupants to evacuate.
Had the buildings been full, with about 20,000 occupants each,
roughly 14,000 people may have lost their lives. Radio communica-
tions were a problem due to three factors: first, the challenging
radio frequency environment posed by buildings; second, the scale
of operations that overwhelmed the available frequencies and ex-
ceeded the limits of the communication protocols; and third, the dif-
ficulty of transmissions between different organizations.

The recommendations we have made call for specific actions. We
made our recommendations as specific as we could, identifying the
parties that need to help take the next steps. The recommendations
do not prescribe specific systems, materials, or technologies. In-
stead, NIST encourages competition among alternatives that can
meet performance requirements. Within these recommendations,
NIST has identified 37 specific national model codes, standards,
practice guidelines, or regulations that merit consideration through
an open and consensus-driven process.
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NIST’s response plan consists of three parts. First, the building
and fire safety investigation. And today, we are releasing the final
version of 43 reports documenting this investigation, and plan to
release draft reports in the spring documenting our investigation of
WTC 7. Second, our research and development program, and third,
a dissemination and technical assistance program to facilitate
adoption of the proposed changes.

As part of this effort, NIST is aggressively working with the
model building code organizations and others representing State
and local officials to facilitate this process. Among other things,
NIST has held a major conference to focus attention on getting ac-
tion on these recommendations. We have contracted with the Na-
tional Institute of Building Sciences to turn the appropriate rec-
ommendations into draft code language for submission to the na-
tional model code developers, and we have assigned a staff member
responsibility for following up on each and every recommendation.

Past NIST investigations have resulted in substantive improve-
ments in building safety. For example, improvements to manufac-
tured homes were made following our work on Hurricanes Andrew
and Camille. Improvements in construction safety and inspection
resulted from NIST’s investigation of an apartment building under
construction in Connecticut. There are many more examples of
NIST’s investigations resulting in improvements to building safety,
and we will do everything possible to add the WTC investigation
to this list.

Thank you for your support and this opportunity to update the
Committee.

[The prepared statement of Dr. Jeffrey follows:]

PREPARED STATEMENT OF WILLIAM JEFFREY

Mr. Chairman, and Members of the Committee, I am William Jeffrey, Director of
the National Institute of Standards and Technology. I am pleased to appear today
and testify on the building and fire safety investigation of the World Trade Center
disaster carried out by the National Institute of Standards and Technology (NIST).

NIST announced its building and fire safety investigation of the World Trade Cen-
ter (WTC) disaster on August 21, 2002.! This WTC Investigation was then con-
ducted under the authority of the National Construction Safety Team (NCST) Act,
which was signed into law on October 1, 2002.

The goals of the investigation of the WTC disaster were:

e To investigate the building construction, the materials used, and the technical
conditions that contributed to the outcome of the WTC disaster after terror-
ists flew large jet-fuel laden commercial airliners into the WTC towers.

e To serve as the basis for:

— Improvements in the way buildings are designed, constructed, main-
tained, and used;

— Improved tools and guidance for industry and safety officials;
— Recommended revisions to current codes, standards, and practices; and
— Improved public safety.

1NIST is a nonregulatory agency of the U.S. Department of Commerce. The purposes of NIST
investigations are to improve the safety and structural integrity of buildings in the United
States and the focus is on fact finding. NIST investigative teams are required to assess building
performance and emergency response and evacuation procedures in the wake of any building
failure that has resulted in substantial loss of life or that posed significant potential of substan-
tial loss of life. NIST does not have the statutory authority to make findings of fault or neg-
ligence by individuals or organizations. Further, no part of any report resulting from a NIST
investigation into a building failure or from an investigation under the National Construction
Safety Team Act may be used in any suit or action for damages arising out of any matter men-
tioned in such report (15 USC 281a, as amended by P.L. 107-231).
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The specific objectives were:

1. Determine why and how WTC 1 and WTC 2 collapsed following the initial
impacts of the aircraft and why and how WTC 7 collapsed,;

2. Determine why the injuries and fatalities were so high or low depending on
location, including all technical aspects of fire protection, occupant behavior,
evacuation, and emergency response;

3. Determine what procedures and practices were used in the design, construc-
tion, operation, and maintenance of WTC 1, 2, and 7.

4. Identify, as specifically as possible, areas in current building and fire codes,
standards, and practices that warrant revision.

APPROACH

To meet these goals, NIST complemented its in-house expertise with an array of
specialists in key technical areas. In all, over 200 staff contributed to the investiga-
tion. NIST and its contractors compiled and reviewed tens of thousand of pages of
documents; conducted interviews with over a thousand people who had been on the
scene or who had been involved with the design, construction, and maintenance of
the WTC; analyzed 236 pieces of steel that were obtained from the wreckage; per-
formed laboratory tests that measured material properties, and performed computer
simulations of the sequence of events that happened from the instant of aircraft im-
pact to the initiation of collapse for each tower.

Cooperation in obtaining the resource materials and in interpreting the results
came from a large number of individuals and organizations, including The Port Au-
thority of New York and New Jersey and its contractors and consultants, Silverstein
Properties and its contractors and consultants, the City of New York and its depart-
ments, the manufacturers and fabricators of the building components, the compa-
nies that insured the WTC towers, the building tenants, the aircraft manufacturers,
the airlines, and the media.

The scarcity of physical evidence that is typically available in place for reconstruc-
tion of a disaster led to the following approach:

e Accumulation of copious photographic and video material. With the assistance
of the media, public agencies and individual photographers, NIST acquired
and organized nearly 7,000 segments of video footage, totaling in excess of
150 hours and nearly 7,000 photographs representing at least 185 photog-
raphers. This guided the Investigation Team’s efforts to determine the condi-
tion of the buildings following the aircraft impact, the evolution of the fires,
and the subsequent deterioration of the structure.

Establishment of the baseline performance of the WTC towers, i.e., estimating
the expected performance of the towers under normal design loads and condi-
tions. The baseline performance analysis also helped to estimate the ability
of the towers to withstand the unexpected events of September 11, 2001. Es-
tablishing the baseline performance of the towers began with the compilation
and analysis of the procedures and practices used in the design, construction,
operation, and maintenance of the structural, fire protection, and egress sys-
tems of the WTC towers. The additional components of the performance anal-
ysis were the standard fire resistance of the WTC truss-framed floor system,
the quality and properties of the structural steels used in the towers, and the
response of the WTC towers to the design gravity and wind loads.

e Conduct simulations of the behavior of each tower on September 11, 2001, in
four steps:

1. The aircraft impact into the tower, the resulting distribution of aviation
fuel, and the damage to the structure, partitions, thermal insulation ma-
terials, and building contents.

2. The evolution of multi-floor fires.

3. The heating and consequent weakening of the structural elements by the
fires.

4. The response of the damaged and heated building structure, and the pro-
gression of structural component failures leading to the initiation of the
collapse of the towers.

For such complex structures and complex thermal and structural processes, each
of these steps stretched the state of the technology and tested the limits of software
tools and computer hardware. For example, the investigators advanced the state-of-
the-art in the measurement of construction material properties and in structural fi-
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nite element modeling. New modeling capability was developed for the mapping of
fire-generated environmental temperatures onto the building structural components.

The output of the four-step simulations was subject to uncertainties in the as-
built condition of the towers, the interior layout and furnishings, the aircraft im-
pact, the internal damage to the towers (especially the thermal insulation for fire
protection of the structural steel, which is colloquially referred to as fireproofing),
the redistribution of the combustibles, and the response of the building structural
components to the heat from the fires. To increase confidence in the simulation re-
sults, NIST used the visual evidence, eyewitness accounts from inside and outside
the buildings, laboratory tests involving large fires and the heating of structural
components, and formal statistical methods to identify influential parameters and
quantify the variability in analysis results.

e Combination of the knowledge gained into probable collapse sequences for
each tower,2 the identification of factors that contributed to the collapse, and
a list of factors that could have improved building performance or otherwise
mitigated the loss of life.

o Compilation of a list of findings that respond to the first three objectives and
a list of recommendations that responds to the fourth objective.

SUMMARY OF FINDINGS

Objective 1: Determine why and how WTC 1 and WTC 2 collapsed following
the initial impacts of the aircraft.

e The two aircraft hit the towers at high speed and did considerable damage
to principal structural components (core columns, floors, and perimeter col-
umns) that were directly impacted by the aircraft or associated debris. How-
ever, the towers withstood the impacts and would have remained standing
were it not for the dislodged insulation (fireproofing) and the subsequent
multi-floor fires. The robustness of the perimeter frame-tube system and the
large size of the buildings helped the towers withstand the impact. The struc-
tural system redistributed loads from places of aircraft impact, avoiding larg-
er scale damage upon impact. The hat truss, a feature atop each tower which
was intended to support a television antenna, prevented earlier collapse of
the building core. In each tower, a different combination of impact damage
and heat-weakened structural components contributed to the abrupt struc-
tural collapse.

e In WTC 1, the fires weakened the core columns and caused the floors on the
south side of the building to sag. The floors pulled the heated south perimeter
columns inward, reducing their capacity to support the building above. Their
neighboring columns quickly became overloaded as columns on the south wall
buckled. The top section of the building tilted to the south and began its de-
scent. The time from aircraft impact to collapse initiation was largely deter-
mined by how long it took for the fires to weaken the building core and to
fleach the south side of the building and weaken the perimeter columns and

00TS.

e In WTC 2, the core was damaged severely at the southeast corner and was
restrained by the east and south walls via the hat truss and the floors. The
steady burning fires on the east side of the building caused the floors on that
side to sag. The floors pulled the heated east perimeter columns inward, re-
ducing their capacity to support the building above. Their neighboring col-
umns quickly became overloaded as columns on the east wall buckled. The
top section of the building tilted to the east and to the south and began its
descent. The time from aircraft impact to collapse initiation was largely deter-
mined by the time needed for the fires to weaken the perimeter columns and
floor assemblies on the east and the south sides of the building. WTC 2 col-
lapsed more quickly than WTC 1 because there was more aircraft damage to
the building core, including one of the heavily loaded corner columns, and
there were early and persistent fires on the east side of the building, where
the aircraft had extensively dislodged insulation from the structural steel.

e The WTC towers likely would not have collapsed under the combined effects
of aircraft impact damage and the extensive, multi-floor fires that were en-

2The focus of the Investigation was on the sequence of events from the instant of aircraft im-
pact to the initiation of collapse for each tower. For brevity, this sequence is referred to as the
“probable collapse sequence,” although it includes little analysis of the structural behavior of the
tower after the conditions for collapse initiation were reached and collapse became inevitable.
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countered on September 11, 2001 if the thermal insulation had not been wide-
ly dislodged or had been only minimally dislodged by aircraft impact.

NIST found no corroborating evidence for alternative hypotheses suggesting
that the WTC towers were brought down by controlled demolition using explo-
sives planted prior to September 11, 2001. NIST also did not find any evi-
dence that missiles were fired at or hit the towers. Instead, photographs and
videos from several angles clearly showed that the collapse initiated at the
fire and impact floors and that the collapse progressed from the initiating
floors downward, until the dust clouds obscured the view.

Objective 2: Determine why the injuries and fatalities were so high or low
depending on location, including all technical aspects of fire protection, oc-
cupant behavior, evacuation, and emergency response.

Approximately 87 percent of the estimated 17,400 occupants of the towers,
and 99 percent of those located below the impact floors, evacuated success-
fully. In WTC 1, where the aircraft destroyed all escape routes, 1,355 people
were trapped in the upper floors when the building collapsed. One hundred
seven people who were below the impact floors did not survive. Since the flow
of people from the building had slowed considerably 20 minutes before the
tower collapsed, the stairwell capacity was adequate to evacuate the occu-
pants on that morning.

In WTC 2, before the second aircraft strike, about 3,000 people got low
enough in the building to escape by a combination of self-evacuation and use
of elevators. The aircraft destroyed the operation of the elevators and the use
of two of the three stairways. Eighteen people from above the impact zone
found a passage through the damaged third stairway (Stairwell A) and es-
caped. The other 619 people in or above the impact zone perished. Eleven peo-
ple who were below the impact floors did not survive. As in WTC 1, shortly
before collapse, the flow of people from the building had slowed considerably,
indicating that the stairwell capacity was adequate that morning.

About six percent of the survivors described themselves as mobility impaired,
with recent injury and chronic illness being the most common causes; few,
however, required a wheelchair. Among the 118 decedents below the aircraft
impact floors, investigators identified seven who were mobility impaired, but
were unable to determine the mobility capability of the remaining 111.

A principal factor limiting the loss of life was that the buildings were only
one-third to one-half occupied at the time of the attacks. NIST estimated that
if the towers had been fully occupied with 20,000 occupants each, it would
have taken just over 3 hours to evacuate the buildings and about 14,000 peo-
ple might have perished because the stairwell capacity would not have been
sufficient to evacuate that many people in the available time. Egress capacity
required by current building codes is determined by single floor calculations
that are independent of building height and does not consider the time for
full building evacuation.

Due to the presence of assembly use spaces at the top of each tower (Windows
on the World restaurant complex in WTC 1 and the Top of the Deck observa-
tion deck in WT'C 2) that were designed to accommodate over 1,000 occupants
per floor, the New York City Building Code would have required a minimum
of four independent means of egress (stairs), one more than the three that
were available in the buildings. Given the low occupancy level on September
11, 2001, NIST found that the issue of egress capacity from these places of
assembly, or from elsewhere in the buildings, was not a significant factor on
that day. It is conceivable that such a fourth stairwell, depending on its loca-
tion and the effects of aircraft impact on its functional integrity, could have
remained passable, allowing evacuation by an unknown number of additional
occupants from above the floors of impact. If the buildings had been filled to
their capacity with 20,000 occupants, however, the required fourth stairway
would likely have mitigated the insufficient egress capacity for conducting a
full building evacuation within the available time.

Evacuation was assisted by participation in fire drills within the previous
year by two-thirds of survivors and perhaps hindered by a Local Law that
prevented employers from requiring occupants to practice using the stair-
ways. The stairways were not easily navigated in some locations due to their
design, which included “transfer hallways,” where evacuees had to traverse
from one stairway to another location where the stairs continued. Addition-



39

ally, many occupants were unprepared for the physical challenge of full build-
ing evacuation.

e The functional integrity and survivability of the stairwells was affected by the
separation of the stairwells and the structural integrity of stairwell enclo-
sures. In the impact region of WT'C 1, the stairwell separation was the small-
est over the building height—clustered well within the building core—and all
stairwells were destroyed by the aircraft impact. By contrast, the separation
of stairwells in the impact region of WT'C 2 was the largest over the building
height—Ilocated along different boundaries of the building core—and one of
three stairwells remained marginally passable after the aircraft impact. The
shaft enclosures were fire rated but were not required to have structural in-
tegrity under typical accidental loads: there were numerous reports of stair-
wells obstructed by fallen debris from damaged enclosures.

e The active fire safety systems (sprinklers, smoke purge, fire alarms, and
emergency occupant communications) were designed to meet or exceed cur-
rent practice. However, with the exception of the evacuation announcements,
they played no role in the safety of life on September 11 because the water
supplies to the sprinklers were damaged by the aircraft impact. The smoke
purge systems, operated under the direction of the fire department after fires,
were not turned on, but they also would have been ineffective due to aircraft
damage. The violence of the aircraft impact served as its own alarm. In WTC
2, contradictory public address announcements contributed to occupant confu-
sion and some delay in occupants beginning to evacuate.

e For the approximately 1,000 emergency responders on the scene, this was the
largest disaster they had even seen. Despite attempts by the responding agen-
cies to work together and perform their own tasks, the extent of the incident
was well beyond their capabilities. Communications were erratic due to the
high number of calls and the inadequate performance of some of the gear.
Even so, there was no way to digest, test for accuracy, and disseminate the
vast amount of information being received. Their jobs were complicated by the
loss of command centers in WTC 7 and then in the towers after WTC 2 col-
lapsed. With nearly all elevator service disrupted and progress up the stairs
taking about two min. per floor, it would have taken hours for the responders
to reach their destinations, assist survivors, and escape had the towers not
collapsed.

Objective 3: Determine what procedures and practices were used in the de-
sign, construction, operation, and maintenance of WI'C 1 and WTC 2.

e Because of The Port Authority’s establishment under a clause of the United
States Constitution, its buildings were not subject to any state or local build-
ing regulations. The buildings were unlike any others previously built, both
in their height and in their innovative structural features. Nevertheless, the
actual design and approval process produced two buildings that generally
were consistent with nearly all of the provisions of the New York City Build-
ing Code and other building codes of that time that were reviewed by NIST.
The loads for which the buildings were designed exceeded the New York City
code requirements. The quality of the structural steels was consistent with
the building specifications. The departures from the building codes and stand-
ards identified by NIST did not have a significant effect on the outcome of
September 11.

e For the floor systems, the fire rating and insulation thickness used on the
floor trusses, which together with the concrete slab served as the main source
of support for the floors, were of concern from the time of initial construction.
NIST found no technical basis or test data on which the thermal protection
of the steel was based. On September 11, 2001, the minimum specified thick-
ness of the insulation was adequate to delay heating of the trusses; the
amount of insulation dislodged by the aircraft impact, however, was sufficient
to cause the structural steel to be heated to critical levels.

e Based on four standard fire resistance tests that were conducted under a
range of insulation and test conditions, NIST found the fire rating of the floor
system to vary between % hour and two hours; in all cases, the floors contin-
ued to support the full design load without collapse for over two hours.

e The wind loads used for the WTC towers, which governed the structural de-
sign of the external columns and provided the baseline capacity of the struc-
tures to withstand abnormal events such as major fires or impact damage,
significantly exceeded the requirements of the New York City Building Code
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and other building codes of the day that were reviewed by NIST. Two sets
of wind load estimates for the towers obtained by independent commercial
consultants in 2002, however, differed by as much as 40 percent. These esti-
mates were based on wind tunnel tests conducted as part of insurance litiga-
tion unrelated to the Investigation.

RECOMMENDATIONS

The tragic consequences of the September 11, 2001, attacks were directly attrib-
utable to the fact that terrorists flew large jet-fuel laden commercial airliners into
the WTC towers. Buildings for use by the general population are not designed to
withstand attacks of such severity; building regulations do not require building de-
signs to consider aircraft impact. In our cities, there has been no experience with
a disaster of such magnitude, nor has there been any in which the total collapse
of a high-rise building occurred so rapidly and with little warning.

While there were unique aspects to the design of the WTC towers and the ter-
rorist attacks of September 11, 2001, NIST has compiled a list of recommendations
to improve the safety of tall buildings, occupants, and emergency responders based
on its investigation of the procedures and practices that were used for the WTC tow-
ers; these procedures and practices are commonly used in the design, construction,
operation, and maintenance of buildings under normal conditions. Public officials
and building owners will need to determine appropriate performance requirements
for those tall buildings, and selected other buildings, that are at higher risk due to
their iconic status, critical function, or design.

The topics of the recommendations in eight groups are listed in Table 1. A com-
plete listing of the 30 recommendations is provided in Appendix A. The ordering
does not reflect any priority.

The eight major groups of recommendations are:

o Increased Structural Integrity: The standards for estimating the load effects
of potential hazards (e.g., progressive collapse, wind) and the design of struc-
tural systems to mitigate the effects of those hazards should be improved to
enhance structural integrity.

Enhanced Fire Endurance of Structures: The procedures and practices used
to ensure the fire endurance of structures should be enhanced by improving
the technical basis for construction classifications and fire resistance ratings,
improving the technical basis for standard fire resistance testing methods,
use of the “structural frame” approach to fire resistance ratings, and devel-
oping in-service performance requirements and conformance criteria for
sprayed fire-resistive material.

o New Methods for Fire Resistant Design of Structures: The procedures and
practices used in the fire resistant design of structures should be enhanced
by requiring an objective that uncontrolled fires result in burnout without
local or global collapse. Performance-based methods are an alternative to pre-
scriptive design methods. This effort should include the development and
evaluation of new fire resistive coating materials and technologies and eval-
uation of the fire performance of conventional and high-performance struc-
tural materials.

Improved Active Fire Protection: Active fire protection systems (i.e., sprin-
klers, standpipes/hoses, fire alarms, and smoke management systems) should
be enhanced through improvements to design, performance, reliability, and
redundancy of such systems.

Improved Building Evacuation: Building evacuation should be improved to in-
clude system designs that facilitate safe and rapid egress, methods for ensur-
ing clear and timely emergency communications to occupants, better occupant
preparedness for evacuation during emergencies, and incorporation of appro-
priate egress technologies.

Improved Emergency Response: Technologies and procedures for emergency
response should be improved to enable better access to buildings, response op-
erations, emergency communications, and command and control in large-scale
emergencies.

Improved Procedures and Practices: The procedures and practices used in the
design, construction, maintenance, and operation of buildings should be im-
proved to include encouraging code compliance by non-governmental and
quasi-governmental entities, adoption and application of egress and sprinkler
requirements in codes for existing buildings, and retention and availability of
building documents over the life of a building.
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e Education and Training: The professional skills of building and fire safety
professionals should be upgraded though a national education and training ef-
fort for fire protection engineers, structural engineers, architects, regulatory
personnel, and emergency responders.

The recommendations call for action by specific entities regarding standards,
codes and regulations, their adoption and enforcement, professional practices, edu-
cation, and training; and research and development. Only when each of the entities
carries out its role will the implementation of a recommendation be effective.

The recommendations do not prescribe specific systems, materials, or technologies.
Instead, NIST encourages competition among alternatives that can meet perform-
ance requirements. The recommendations also do not prescribe specific threshold
levels; NIST believes that this responsibility properly falls within the purview of the
public policy setting process, in which the standards and codes development process
plays a key role.

NIST believes the recommendations are realistic and achievable within a reason-
able period of time. Only a few of the recommendations call for new requirements
in standards and codes. Most of the recommendations deal with improving an exist-
ing standard or code requirement, establishing a standard for an existing practice
without one, establishing the technical basis for an existing requirement, making a
current requirement risk-consistent, adopting or enforcing a current requirement, or
establishing a performance-based alternative to a current prescriptive requirement.

NEXT STEPS

We have strongly urged that immediate and serious consideration be given to
these recommendations by the building and fire safety communities in order to
achieve appropriate improvements in the way buildings are designed, constructed,
maintained, and used and in evacuation and emergency response procedures-with
the goal of making buildings, occupants, and first responders safer in future emer-
gencies.

We are also strongly urging building owners and public officials to (1) evaluate
the safety implications of these recommendations to their existing inventory of
buildings and (2) take the steps necessary to mitigate any unwarranted risks with-
out waiting for changes to occur in codes, standards, and practices.

We are urging state and local agencies to rigorously enforce building codes and
standards since such enforcement is critical to ensure the expected level of safety.
Unless they are complied with, the best codes and standards cannot protect occu-
pants, emergency responders, or buildings.

I have assigned top priority for NIST staff to work vigorously with the building
and fire safety communities to assure that there is a complete understanding of the
recommendations and to provide needed technical assistance in getting the rec-
ommendations implemented. We have identified specific codes, standards, and prac-
tices affected by each of the recommendations in its summary report for the WTC
towers and already begun to reach out to the responsible organizations to pave the
way for a timely, expedited consideration of the recommendations. Toward this end,
we held a conference September 13-15, 2005 that was attended by over 200 people,
including all of the major standards and codes development organizations.

We have also awarded a contract to the National Institute of Building Sciences
(NIBS) to turn many of the recommendations into code language suitable for sub-
mission of code change proposals to the two national model code developers.

In addition, we will implement a web-based system so that the public can track
progress on implementing the recommendations. The web site will list each of the
recommendations, the specific organization or organizations (e.g., standards and
code developers, professional groups, state and local authorities) responsible for its
implementation, the status of its implementation by organization, and the plans or
work in progress to implement the recommendations.

We are releasing the final versions of the 43 reports on NIST’s investigation of
the WTC towers, totaling some 10,000 pages, today. Our current plans are to release
next spring an additional five reports as drafts for public comment on the investiga-
tion of WTC 7.

Mr. Chairman, I want to thank you and the Committee again for allowing me to
testify today about NIST’s building and fire safety investigation of the World Trade
Center disaster. I would be happy to answer any questions at this time.
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Appendix A. List of Recommendations

Group 1. Increased Structural Integrity

The standards for estimating the load effects of potential hazards (e.g., pro-
gressive collapse, wind) and the design of structural systems to mitigate
the effects of those hazards should be improved to enhance structural in-
tegrity.
Recommendation 1. NIST recommends that: (1) progressive collapse be pre-
vented in buildings through the development and nationwide adoption of con-
sensus standards and code provisions, along with the tools and guidelines need-
ed for their use in practice; and (2) a standard methodology be developed—sup-
ported by analytical design tools and practical design guidance—to reliably pre-
dict the potential for complex failures in structural systems subjected to mul-
tiple hazards.

Recommendation 2. NIST recommends that nationally accepted performance
standards be developed for: (1) conducting wind tunnel testing of prototype
structures based on sound technical methods that result in repeatable and re-
producible results among testing laboratories; and (2) estimating wind loads
and their effects on tall buildings for use in design, based on wind tunnel test-
ing data and directional wind speed data.

Recommendation 3. NIST recommends that an appropriate criterion be devel-
oped and implemented to enhance the performance of tall buildings by limiting
how much they sway under lateral load design conditions (e.g., winds and earth-
quakes).

Group 2. Enhanced Fire Endurance of Structures

The procedures and practices used to ensure the fire endurance of struc-
tures be enhanced by improving the technical basis for construction classi-
fications and fire resistance ratings, improving the technical basis for
standard fire resistance testing methods, use of the “structural frame” ap-
proach to fire resistance ratings, and developing in-service performance re-
quirements and conformance criteria for sprayed fire-resistive materials.

Recommendation 4. NIST recommends evaluating, and where needed improv-
ing, the technical basis for determining appropriate construction classification
and fire rating requirements (especially for tall buildings)—and making related
code changes now as much as possible—by explicitly considering factors includ-
ing:
e timely access by emergency responders and full evacuation of occupants,
or the time required for burnout without local collapse;

the extent to which redundancy in active fire protection (sprinkler and

standpipe, fire alarm, and smoke management) systems should be cred-

ited for occupant life safety;

the need for redundancy in fire protection systems that are critical to

structural integrity;

the ability of the structure and local floor systems to withstand a max-

imum credible fire scenario without collapse, recognizing that sprinklers

could be compromised, not operational, or non-existent;

e compartmentation requirements (e.g., 12,000 ft21) to protect the struc-
ture, including fire rated doors and automatic enclosures, and limiting air
supply (e.g., thermally resistant window assemblies) to retard fire spread
in buildings with large, open floor plans;

o the effect of spaces containing unusually large fuel concentrations for the

expected occupancy of the building; and

the extent to which fire control systems, including suppression by auto-

matic or manual means, should be credited as part of the prevention of

fire spread.

Recommendation 5. NIST recommends that the technical basis for the cen-
tury-old standard for fire resistance testing of components, assemblies, and sys-
tems be improved through a national effort. Necessary guidance also should be
developed for extrapolating the results of tested assemblies to prototypical

10r a more appropriate limit, which represents a reasonable area for active firefighting oper-
ations.
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building systems. A key step in fulfilling this recommendation is to establish
a capability for studying and testing the components, assemblies, and systems
under realistic fire and load conditions.

Recommendation 6. NIST recommends the development of criteria, test meth-
ods, and standards: (1) for the in-service performance of sprayed fire-resistive
materials (SFRM, also commonly referred to as fireproofing or insulation) used
to protect structural components; and (2) to ensure that these materials, as-in-
stalled, conform to conditions in tests used to establish the fire resistance rating
of components, assemblies, and systems.

Recommendation 7. NIST recommends the adoption and use of the “struc-
tural frame” approach to fire resistance ratings. This approach requires that
structural members—such as girders, beams, trusses and spandrels having di-
rect connection to the columns, and bracing members designed to carry gravity
loads—be fire protected to the same fire resistance rating as columns.

Group 3. New Methods for Fire Resistant Design of Structures

The procedures and practices used in the fire resistant design of struc-
tures should be enhanced by requiring an objective that uncontrolled fires
result in burnout without partial or global (total) collapse. Performance-
based methods are an alternative to prescriptive design methods. This ef-
fort should include the development and evaluation of new fire-resistive
coating materials and technologies and evaluation of the fire performance
of conventional and high-performance structural materials.

Recommendation 8. NIST recommends that the fire resistance of structures
be enhanced by requiring a performance objective that uncontrolled building
fires result in burnout without partial or global (total) collapse.

Recommendation 9. NIST recommends the development of: (1) performance-
based standards and code provisions, as an alternative to current prescriptive
design methods, to enable the design and retrofit of structures to resist real
building fire conditions, including their ability to achieve the performance objec-
tive of burnout without structural or local floor collapse: and (2) the tools, guide-
lines, and test methods necessary to evaluate the fire performance of the struc-
ture as a whole system.

Recommendation 10. NIST recommends the development and evaluation of
new fire-resistive coating materials, systems, and technologies with significantly
enhanced performance and durability to provide protection following major
events.

Recommendation 11. NIST recommends that the performance and suitability
of advanced structural steel, reinforced and pre-stressed concrete, and other
high-performance material systems be evaluated for use under conditions ex-
pected in building fires.

Group 4. Improved Active Fire Protection

Active fire protection systems (i.e., sprinklers, standpipes/hoses, fire
alarms, and smoke management systems) should be enhanced through im-
provements to design, performance, reliability, and redundancy of such
systems.

Recommendation 12. NIST recommends that the performance and possibly
the redundancy of active fire protection systems (sprinklers, standpipes/hoses,
fire alarms, and smoke management systems) in buildings be enhanced to ac-
commodate the greater risks associated with increasing building height and pop-
ulation, increased use of open spaces, high-risk building activities, fire depart-
ment response limits, transient fuel loads, and higher threat profile.

Recommendation 13. NIST recommends that fire alarm and communications
systems in buildings be developed to provide continuous, reliable, and accurate
information on the status of life safety conditions at a level of detail sufficient
to manage the evacuation process in building fire emergencies; all communica-
tion and control paths in buildings need to be designed and installed to have
the same resistance to failure and increased survivability above that specified
in present standards.

Recommendation 14. NIST recommends that control panels at fire/emergency
command stations in buildings be adapted to accept and interpret a larger
quantity of more reliable information from the active fire protection systems
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that provide tactical decision aids to fireground commanders, including water
flow rates from pressure and flow measurement devices, and that standards for
their performance be developed.

Recommendation 15. NIST recommends that systems be developed and im-
plemented for: (1) real-time off-site secure transmission of valuable information
from fire alarm and other monitored building systems for use by emergency re-
sponders, at any location, to enhance situational awareness and response deci-
sions and maintain safe and efficient operations; and (2) preservation of that
information either off-site or in a black box that will survive a fire or other
building failure for purposes of subsequent investigations and analysis. Stand-
ards for the performance of such systems should be developed, and their use
should be required.

Group 5. Improved Building Evacuation

Building evacuation should be improved to include system designs that
facilitate safe and rapid egress, methods for ensuring clear and timely
emergency communications to occupants, better occupant preparedness re-
garding their roles and duties for evacuation during emergencies, and in-
corporation of appropriate egress technologies.

Recommendation 16. NIST recommends that public agencies, non-profit orga-
nizations concerned with building and fire safety, and building owners and
managers develop and carry out public education and training campaigns, joint-
ly and on a nationwide scale, to improve building occupants’ preparedness for
evacuation in case of building emergencies.

Recommendation 17. NIST recommends that tall buildings be designed to ac-
commodate timely full building evacuation of occupants due to building-specific
or large-scale emergencies such as widespread power outages, major earth-
quakes, tornadoes, hurricanes without sufficient advanced warning, fires, explo-
sions, and terrorist attack. Building size, population, function, and iconic status
should be taken into account in designing the egress system. Stairwell capacity
and stair discharge door width should be adequate to accommodate counterflow
due to emergency access by responders.

Recommendation 18. NIST recommends that egress systems be designed: (1)
to maximize remoteness of egress components (i.e., stairs, elevators, exits) with-
out negatively impacting the average travel distance; (2) to maintain their func-
tional integrity and survivability under foreseeable building-specific or large-
scale emergencies; and (3) with consistent layouts, standard signage, and guid-
ance so that systems become intuitive and obvious to building occupants during
evacuations.

Recommendation 19. NIST recommends that building owners, managers, and
emergency responders develop a joint plan and take steps to ensure that accu-
rate emergency information is communicated in a timely manner to enhance the
situational awareness of building occupants and emergency responders affected
by an event. This should be accomplished through better coordination of infor-
mation among different emergency responder groups, efficient sharing of that
information among building occupants and emergency responders, more robust
design of emergency public address systems, improved emergency responder
communication systems, and use of the Emergency Broadcast System (now
known as the Integrated Public Alert and Warning System) and Community
Emergency Alert Networks.

Recommendation 20. NIST recommends that the full range of current and
next generation evacuation technologies should be evaluated for future use, in-
cluding protected/hardened elevators, exterior escape devices, and stairwell de-
scent devices, which may allow all occupants an equal opportunity for evacu-
ation and facilitate emergency response access.

Group 6. Improved Emergency Response

Technologies and procedures for emergency response should be im-
proved to enable better access to buildings, response operations, emer-
gency communications, and command and control in large-scale emer-
gencies.

Recommendation 21. NIST recommends the installation of fire-protected and
structurally hardened elevators to improve emergency response activities in tall
buildings by providing timely emergency access to responders and allowing
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evacuation of mobility impaired building occupants. Such elevators should be in-
stalled for exclusive use by emergency responders during emergencies. In tall
buildings, consideration also should be given to installing such elevators for use
by all occupants. The use of elevators for these purposes will require additional
operating procedures and protocols, as well as a requirement for release of ele-
vator door restrictors by emergency response personnel.

Recommendation 22. NIST recommends the installation, inspection, and test-
ing of emergency communications systems, radio communications, and associ-
ated operating protocols to ensure that the systems and protocols: (1) are effec-
tive for large-scale emergencies in buildings with challenging radio frequency
propagation environments; and (2) can be used to identify, locate, and track
emergency responders within indoor building environments and in the field.
The Federal Government should coordinate its efforts that address this need
within the framework provided by the SAFECOM program of the Department
of Homeland Security.

Recommendation 23. NIST recommends the establishment and implementa-
tion of detailed procedures and methods for gathering, processing, and deliv-
ering critical information through integration of relevant voice, video, graphical,
and written data to enhance the situational awareness of all emergency re-
sponders. An information intelligence sector? should be established to coordinate
the effort for each incident.

Recommendation 24. NIST recommends the establishment and implementa-
tion of codes and protocols for ensuring effective and uninterrupted operation of
the command and control system for large-scale building emergencies.

Group 7. Improved Procedures and Practices

The procedures and practices used in the design, construction, mainte-
nance, and operation of buildings should be improved to include encour-
aging code compliance by nongovernmental and quasi-governmental enti-
ties, adoption and application of egress and sprinkler requirements in
codes for existing buildings, and retention and availability of building doc-
uments over the life of a building.

Recommendation 25. Non-governmental and quasi-governmental entities that
own or lease buildings—and are not subject to building and fire safety code re-
quirements of any governmental jurisdiction—should provide a level of safety
that equals or exceeds the level of safety that would be provided by strict com-
pliance with the code requirements of an appropriate governmental jurisdiction.
To gain broad public confidence in the safety of such buildings, NIST further
recommends that as-designed and as-bu